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SYNOPSIS 
Teams have significant potential. When an organisation gets its teamworking 'right' significant 
benefits can accrue. Team experts, consultants and academics advance a plethora of tools, 
theories, techniques and concepts to inform and facilitate successful design, development and 
implementation of teams. Yet, despite a significant body of thoughtful research on team-based 
approaches and a variety of potential benefits that can be realised by effectively deploying teams, 
the literature is populated with examples of teams that fail to produce desired results. 
Teams are complex systems. Therefore they are characterised by interdependent processes that 
incorporate an entire spectrum of activities commencing with the initial identification of need and 
extending through to the realisation of that need and in some cases dissolution of the team. This 
research has identified a team systems engineering life cycle, which envelop team system 
activities from 'conception' to 'grave'. The team systems engineering life cycle (DBOM) was 
observed to include four main groupings of activities which correspond to: 'design', 'build', 
'operate' and 'maintain' (DBOM) life phases through which a typical team system progresses. 
The literature shows that Manufacturing Enterprises (MEs) deploy various forms of human team 
in a variety of roles. However, at present MEs have limited support in terms of systemic 
concepts, methods and tools with respect to the life cycle engineering of such teams. This 
research has conceived and part tested foundation concepts designed to address key aspects of 
that deficiency. It proposes a systems approach which utilises various modelling techniques to 
improve the analytical basis by which teams are designed, built, operated and maintained. 
Thereby the aim is to improve the effectiveness of ME teams and where possible to address 
certain challenges reported in the literature. It follows that this study has i) drawn together a set 
of team systems concepts, primarily from existing research on teams, and ii) developed systemic 
means of coherently applying these concepts through deploying state-of-the-art Enterprise 
Modelling (EM) and Dynamic Systems Modelling (DSM) techniques. CIMOSA modelling 
constructs were selected from amongst candidate EM techniques and used to document and 
visually represent relatively enduring aspects of team systems knowledge in a reusable form. 
Also causal loop diagrams and 'ithink' simulation tool were selected from amongst candidate 
dynamic systems modelling techniques to enact certain aspects of this know ledge by providing 
supportive simulation models. 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
The study has demonstrated that appropriate use of EM and DSM techniques can facilitate an 
orderly reuse of the team systems engineering concepts. It has also tested this capability with 
reference to practical data elicited from project teams. The study teams were drawn mainly from 
a higher education setting but industry based project teams were also studied. Underlying 
assumptions and limitations of the developed team system engineering concepts have been 
debated with reference to the case study findings. 
The main contributions to knowledge made by this research are as follows: 
i. Generic knowledge about team systems engineering has been coherently assembled with 
reference to a proposed DBOM life cycle model of teams; 
ii. The basis of a holistic and coherent approach to team systems engineering was conceived and 
developed. This is centred on understanding, specifying, analysing, implementing, operating 
and maintaining team system processes and their elemental activities; and 
iii. Prototype testing of a set of modelling techniques that function as a delivery mechanism 
which can make the holistic approach to team systems engineering available and reusable in 
specific MEs. 
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1 INTRODUCTION 
Since 1970 the business world has dramatically changed (Monfared, 2000). The magnitude of 
this change may be compared with the appearance of computers in industry during the 40s and 
50s or even the industrial revolution at the end of the 171h century (Morris and Brandon, 1994). 
The business world needs to develop methods and techniques suitable for an environment of 
market globalisation, customer orientation and knowledge capitalisation (Marinescu and Lavelle, 
1998). As a consequence, a plethora of techniques has arisen for responding to and dealing with 
organisational change and implementing business improvement (Harrison and Storey, 1994) 
including, for example: Total Quality Management (TQM); Continuous Improvement (Cl); Just-
in-time (nT); Business Process Re-engineering (BPR); as well as the application of models such 
as the European Model of Business Excellence (EMOBE). 
The popularity of team-based approaches as a key building blocks for organisational re-design, 
has steadily gained ground because of its supposed benefits. In fact, Tranfield et a! ( 1998) 
postulate that teams have become the most important unit on which to build an organisation, 
replacing the individual (at the level of job design) and the functional department (at the level of 
organisational design). This is further supported a recent lngersoll Engineers (1996) survey which 
noted: 
"Today. only 40% of companies are organised by function; 60% are organised by product. customer. 
market or some other focus. Teamworking is seen as critical to success in both production and office 
environments." 
There is little doubt that the notion of teams and teamwork has generated considerable interest in 
future-oriented organisations. This interest is stimulated by several forces, which are significantly 
changing the face of business and society. However, the most widely proposed reason for the 
proliferation of teams and the expansion of team-based approaches is that changes in the 
environment within which organisations operate are dictating innovative approaches. 
Anantharaman et a! (1984) alluding to the need for teams state that "many organisations are 
experiencing environmental forces that are rapidly changing and increasingly unpredictable and it 
appears as if turbulence is now a stable state." These researchers further state that organisations 
in an effort to deal with pressures (such as product diversification, technological innovations, 
competitor responsiveness, greater economies of scale and market fluctuation) have to change the 
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way that people relate to one another and increase the levels of collaboration and planning 
between organisational sub-units. Huszczo (1990) supports Anantharaman's view suggesting 
high levels of competition and advances in technology require a team approach. 
"In encouraging employees to work together, bounce ideas off one another, come up with solutions to 
critical problems, organisations are beginning to adopt team strategies to keep up with competition. 
Competition was and is getting more difficult and the need for innovation and commitment rather that mere 
efficiency gains have become apparent. "(Huszczo, 1990) 
1.1 Teams and Teamworking 
Definitions of teams abound. A typical team may be defined as: 
• "an energetic group of people who are committed to achieving common objectives, who work 
well together and enjoy doing so and who produce high quality results" (Francis and Young, 
1979) 
• "a group of individuals who share a common purpose, occupy a set of interdependent roles, use 
mutual adjustment as a prime co-ordination mechanism and identify with the team and develop 
emotional attachments" (Tranfield et a! 1998) 
• "a unit which achieves its purpose, has clearly defined individual roles for each member, 
concrete measurable goals, visible competition for the team to unite and a leader or co-
ordinator" (Hardingham, 1994) 
•" a group of people that share common objectives who need to work together to achieve them" 
(Woodcock, 1979) 
• "a group with a common purpose, recognition by each individual as belonging to the same unit, 
interdependent functions and agreed norms or values which regulate behaviour" (Moxon, 1993) 
•" a unit that has a clear sense of itself as a group, interacts positively with outsiders, cultivates 
positive assumptions and beliefs, communicates clearly" (Hayes 2002) 
However, within the context of this study the definition proposed by Katzenbach and Smith 
(1993) was deemed most appropriate whereby a team is defined as "a small number of people 
with complementary skills who are committed to a common purpose, performance goals, and an 
approach for which they are mutually accountable." 
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To clearly understand the definition of a team, it is important to make a clear distinction between 
teams and team working. Teams are a means of getting the job done, while team working is the set 
of values and behaviours that help the team perform, i.e. teams are the tools and teamworking is 
the process (Caracciolo, 2000). Teamwork is individuals working together to accomplish more 
than they would alone. Woodcock (1979) proposes one of the simplest analogies where he 
identifies a football team as an ideal team example. 
"Were any of us to be given the task of building up a new national football team, we know that/he task 
would involve much more than just obtaining the eleven best players in the Nation. The success of the team 
would depend not only upon individual skills but also on the way those individuals supported and worked 
with each other. A good football team is more than just a collection of individual skills; it is these skills used 
in a way, which produces a united effort. Similarly, with almost any kind of team its success, its very 
existence, depends upon the way in which they all play together." (Woodcock, 1979) 
Team working as expressed by this example describes 'the way the team plays together'. The 
football team uses 'their collection of individual skill to produce a united effort' that may result 
in the winning or losing of the game. However, the means by which the team worked together, 
i.e. coordinated their efforts to win the game or produce an outcome, is referred to as 
teamworking. 
1.1.1 Benefits of Teams and Teamworking 
A growing number of organisations have found that changing to team-based work has had far 
more far-reaching effects than anyone could have predicted (Hayes, 2002). According to 
Katzenbach and Smith (1993), in an organisation that has its teamwork practice right, people 
work more efficiently, experience less stress, and contribute more to their work. In these 
organisations employees stay with the company longer, don't take much time off, contribute new 
ideas and try to improve the way they do their work. Parker (1994) supports the view of 
Katzenbach and Smith (1993) by acknowledging two of the potential benefits of teams and 
team working as greater productivity and effective use of resources. 
Teamworking offers a viable and sustainable form of social organisation in highly automated 
environments. It is also argued that teamworking enables the creativity, initiative and problem-
solving capabilities of people to be harnessed effectively to the potential of integrated 
technologies and systems (Katzenbach and Smith, 1993; Peters and Waterman, 1982; Tranfield 
and Smith, 1990). 
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These technological imperatives have been reinforced by increased pressures brought about by 
global competition, resulting in the need to sustain downward pressure on costs, and leading in 
many cases, to restructuring, downsizing and outsourcing, all of which have led to reduced 
numbers of "core" employees. A lower head count invariably has led to the need for greater 
flexibility within the remaining workforce, and here teamworking has provided an ideal vehicle 
for efficiency gains and productivity improvement. A further promised benefit of teamworking 
has been to help reduce costs by soaking up slack and taking out waste caused by natural 
variations in production (Oiiver and Wilkinson, 1992). 
1.1.2 Challenges to Teamworking 
Embarking into the 21" century, it can be argued that for reasons stated in the previous section, 
teamworking should be established as a key unit of analysis and a unit for which to design tools 
to establish and maintain the organisational engineering of companies. Yet the literature is 
populated with a number of problems that adversely impact teams and teamworking. 
One such review by Scott and Walker (1995) describe teamworking as a multi-dimensional 
construct, which comprises three interdependent and inter-related dimensions, namely: 
organisational, team and individual dimensions. Furthermore, they state that it is important to 
recognise that the conditions in one dimension critically affect conditions in other dimensions and 
that for teams to be successful every dimension must be considered (Castka et al, 2003; Scott and 
Walker, 1995). 
Another such review by Thaimhain and Wilemon (1987) reason that there are many obstacles 
that can limit teamworking effectiveness. Further they name six such obstacles as: 
• Unclear project objectives and directions; 
• Insufficient resources; 
• Power struggle and conflict; 
• Uninvolved, disinterested senior management; 
• Poor job security; and 
• Shifting goals and priorities. 
Other reasons posited to explain the failure of teams to produce desired results include: 
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• Teamworking can increase the lead-time required to complete the desired task. Team design, 
team planning, team building are all complex activities that need to occur prior to task 
execution, each of these activities are time consuming. The longer it takes to complete these 
activities the greater the task completion time (Byer, 2001) 
• One of the most important outcomes from having persons work on a team is the integration of 
diverse skills, knowledge and ideas to allow members to interact in closer proximity than is 
usually the case (McDonald and Keys, 1996). Mal-selection of team members is 
disadvantageous to the team as building diverse cross-functional teams ensure that information 
from broad spectrums of the organisation will be utilised, which is just the thing required to 
produce the desired results (McDonald and Keys, 1996). 
• Another mistaken belief that teams really perform no better than individuals. Some experts 
propose, as the most important element of teamworking, the establishment of a demanding 
performance challenge according to the team basics such as size, purpose, goals, skills and 
accountability (Katzenbach and Smith, 1993) 
• Typical implementation problems including difficulty with defining clear objectives, conflict 
between team members and among other teams; lack of team structure; failure to change reward 
and control systems to bring them in line with the revised organisational form. It is oflittle use 
introducing teams and attempting to obtain their benefits unless people commit to the process, 
operate within the new team structures and are rewarded for doing so. Moxon (1993) proposes 
four categories of challenges associated with team implementation, namely: i) problems with 
goals; ii) problems with roles; iii) problems with processes; and iv) problems with relationships. 
1.2 Existing Theories and Techniques for Successfully Utilising Teams 
The popularity of teams and team-based approaches has increased significantly over the past 
couple of decades. In fact, teams are everywhere. In sports, there are football teams, cricket 
teams, basketball teams and rugby teams. In organisations, there are project teams, self-managed 
work teams, top management teams and quality circles. 
As a direct consequence of the proliferation of teams in business as well as social contexts, there 
is a surplus of literature advancing concepts, techniques and tools for successfully designing, 
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building, developing and maintaining teams and overcoming problems associated with the 
deployment of team-based approaches. 
The team design and implementation literature stresses the importance of establishing teams with 
appropriate characteristics including size, skills, stability and diversity (Groesbeck and Van 
Aken, 200 I; Hackman, 1987). Design of supportive organizational context factors such as 
supportive leadership and reward systems (Cohen and Bailey, 1997; Groesbeck and Van Aken, 
200 I) are also stressed. The team design and implementation practitioner literature often stresses 
design issues, or things to avoid at team start-up. Titles such as "Why Teams Fail and What to Do 
about It" (Hitchcock and Willard, 1995) and "The Trouble with Teams" (Dumaine, 1994) 
highlight common problems reported with team design and implementation. 
There is no shortage of theories and tools for building 'winning' teams or overcoming the 
difficulties associated with teams. Some of these include: 
•Belbin's Team Role Self Perception Inventory (Belbin, 1981) 
• Myer-Briggs Type Indicator (Myer-Briggs and McCauley, 1992) 
•Team Effectiveness Models (Barbe, 2003; Borelli, 1995; Chang et a!, 1995 
In addition, there is general consensus in the teamworking research that successful teams 
progress through different stages (Katzenbach and Smith, 1993; Robbins and Finley, 1996; Scott 
and Walker, 1995; Syer and Connolly, 1996). Some researchers define these stages using the 
"form-storm-norm-perform" model (FSNP model) of teamworking development from Tuckman 
and Jensen (1977). The FSNP model describes key features in teamworking development. The 
key features (characteristics) are natural steps of progression as a team "gels" together into a 
"single organism", able to tackle and solve problems efficiently, with the minimum amount of 
time and effort taken (Castka et a!, 2003). 
Team monitoring and maintenance literature stress the need for new tools, exercises and 
techniques to monitor established teams and support ongoing team maintenance and 
improvement (Polley and Rib bens, 1998). Groesbeck and Van Aken (200 I) posited a model of 
team monitoring and maintenance.lt applies an assessment tool and uses survey data to guide the 
selection and implementation of improvement initiatives (Groesbeck and Van Aken, 2001). 
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Despite the apparent overabundance of these theories, concepts, and tools, recent reports suggest 
that 70% of teams fail to produce desired results (Tranfield et a!, 1998). Evidently there is a gap 
between the team-based approaches that are developed and tested within an academic 
environment and those that are understood and deployed within an industrial setting 
Hence this research seeks to bridge this gap between theoretical development of team-based 
approaches and the practical deployment of team knowledge by providing industry with i) a more 
coherent and holistic understanding of teams; and ii) techniques and tools that enable positive 
team outcomes. 
1.3 Systems Engineering Approach to Teams 
Syer (1996) and Schermorhom (1995) offer an entirely different view of a team compared to 
those documented in section 1.1. They describe a team as a "group that constitute a system whose 
parts are interrelated and whose members share a common goal." Syer (1996) and Schermorhom 
(1995) advance the notion that teams are systems and like other systems they can be characterised 
by circular causality, open system configurations, inputs, outputs, structures and processes. Senge 
(1990) supports this view by stating that business and all human endeavours are systems that are 
bound by invisible fabrics of interrelated actions that affect and are affected by each other. 
Teams, like organisations are very complex systems and are naturally dynamic in nature. As such 
team systems can be characterised by a number of interdependent and inter-related entities which 
may include tasks to perform, roles to resource, functional and behavioural processes to control 
and monitor, structures to develop and performance to manage and maintain. However, the co-
ordination and eo-dependencies among team system entities is not without difficulty. Section 
1.1.2 gives some indication of the scope and multi-faceted nature of the issues that plague the 
performance of team systems. Such a "laundry list" of problems hints at the enormous 
complexity of implementing and sustaining a teamworking culture within an organisation. 
The challenge, however, is to be more effective in the design and building of new team systems, 
as well as in the operation and maintenance support of those team systems already in being. The 
literature shows that Manufacturing Enterprises (MEs) deploy various forms of human teams in a 
variety of roles. However, at present MEs have limited support in terms of systemic concepts, 
methods and tools with respect to the life cycle engineering of such teams. This research aims to 
address key aspects of this deficiency. 
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1.3.1 Project Aims 
Based on the above understanding, the study seeks to use systems engineering concepts to 
improve the analytical basis by which team systems are engineered, i.e. the means by which they 
are designed, built, operated and maintained when assigning work to manufacturing teams, in 
order to reduce and if possible eliminate some of the challenges that plagued team systems and 
adversely influence team system performance. Thus the research seeks to: 
• Provide a better understanding of team systems and factors that impact on team system 
performance 
• Develop formalised representations ofteam systems and the relationships between team system 
entities 
• Provide concepts, techniques and tools to enable effective engineering of team systems 
It follows that the overall aim is to apply systems engineering concepts such as enterprise 
modelling and dynamic systems modelling technologies to underpin analysis associated with 
typical team systems and thereby understand, represent and monitor certain aspects of team 
systems. Furthermore enterprise modelling and dynamic systems modelling concepts will be used 
to develop a consistent and complementary set of models describing various facets of the life 
cycle of team system. Examples of these models will be created at different levels of abstraction 
and completeness and at varying degrees of generality with respect to certain aspects of team 
system. 
To facilitate these aims, the study can be further defined in terms of the following steps: 
i. Eliciting 'as is' data with respect to team systems and team system entities. This will include 
documentation of the current operations deployed; assessment of the performance of current 
operations; and systematic and explicit capturing of these 'as is' models of teams 
ii. Using the 'as is' data and models captured to explicitly describe, represent and further 
understand certain aspects of team systems in terms of what operations are performed; how 
these operations are executed and who is responsible for operation execution 
iii. Using the 'as is' data and models described to identify and represent team system entities and 
the cause-and-effect relationships between these entities and team system performance 
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iv. Applying relevant enterprise modelling and dynamic systems modelling concepts and 
methods to develop conceptual models of certain aspects of team systems 
v. Testing and validating aspects of the conceptual models developed using i) case study 
research; ii) observation of project teams; iii) observation of industry teams; and iv) 
questionnaires populated by student project teams and industry-based teams. 
vi. Using the findings from (v) to create enhanced models of team systems engineering 
Figure 1.1 provides a broad illustration of the main steps of this research. 
Capture User , Apply Enterprise. · f. ' Create Conceptual Fonnalise Models of 
Requirements in the 
-----11, 
Modelling and M : Models of . · -----11, Spcicific Aspects ~)f fonn of Process Dynamic Systems "· Specific Asptcts of Team Systems 
· Descriptions 
----v Modelling Approaches 
.IY Team Systems ----v 
1\ 
----- f-- -----CONCEPTUAL LEVEL ----- ----------------------
REAL WORLD 
Existing Team Validate Models Using 
Systems Case Study Research 
Documentation Techniques 
Figure 1.1- Enterprise Modelling and Dynamic Systems Modelling in Support of Team System Engineering 
1.3.2 Research Scope 
Therefore this research study seeks to unify, document and enact team systems knowledge. 
Resultant understandings and representations ofteam systems should enable industry, particularly 
manufacturing enterprises to successfully engineer team systems, i.e. design, build, operate and 
maintain team systems. 
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A principal focus of this research is on identifying team system entities with a view to understand 
the mechanisms that impact on team system performance. Hence it is necessary to review and 
analyse the literature available on teams, such as teamworking, team performance, and team 
effectiveness and so on, and determine the nature of outstanding problems posed in a manner that 
informs existing team systems knowledge 
Here it was presumed that by understanding the mechanisms that make teams successful and the 
factors that make teams ineffective, the author will be in a better position to capture, represent 
and record multiple understandings about current team systems and team system entities. 
The understanding and unification of team systems knowledge forms the foundation of this 
research. Subsequently, enterprise modelling technologies and dynamic systems modelling tools 
are used to document and enact team systems knowledge in a reusable way. Enterprise modelling 
concepts externalise and visually represent team system knowledge. While dynamic systems 
modelling technologies recognise interconnections and describe causal relationships between 
team system entities and explain team system behaviours over time. 
The application and proof-of-concept testing of this research are designed to: 
• Further understandings of team systems functioning and behaviours 
• Inform the representation of team system knowledge in a reusable way 
• Inform the enactment of team system knowledge in a reusable manner 
These case studies were taken from real engineering-based organisations and from undergraduate 
and post-graduate engineering project teams at Loughborough University. 
1.4 Anticipated Contributions to Knowledge 
As a consequence of realising the project aims and objectives outlined in section 1.3, the 
expected contributions to knowledge are as follows: 
• Aggregate knowledge about team systems and team system entities; 
• Formulate the basis of a holistic and coherent approach to team system engineering. This will be 
characterised by a unification of team system concepts focusing on understanding, specifying, 
analysing, implementing, operating and maintaining team system processes and activities that 
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characterise team systems engineering, from initial identification of the need for a team through 
to gratification of the initial need; and 
• Make advancements towards a step change in a delivery mechanism which can make the holistic 
approach to team systems engineering available and reusable for various manufacturing 
enterprises. Such a delivery mechanism could be exemplified by illustrating how enterprise 
modelling and dynamic systems modelling technologies can formally and coherently represent 
relevant aspects of team system engineering within specific application contexts 
1.5 Conclusion 
Business conditions are typically in a state of constant change and greater rates of change are 
predicted in the future. The use of teams continues to grow to meet the challenges that 
organisations face today. In fact the development of a teamwork culture is widely acknowledged 
as a way to face today's turbulent environment and to create flexible high performance 
organisations. 
Despite the many benefits of deploying teams in an organisation and a torrent of thoughtful 
papers on teams, developing a suitable teamwork culture is difficult and numerous questions 
remain to be answered about team system engineering in any specific business context. 
The research concept was defined as the development of a holistic approach to understanding, 
specifying and formally representing team systems that will i) draw together a coherent set of 
team systems engineering concepts, primarily from existing literature on teams; and ii) seek to 
develop means of systematically applying these concepts via appropriate deployment of state-of-
the-art Enterprise Modelling (EM) and Dynamic Systems Modelling (DSM) techniques. 
Here it was presumed that the deployment of appropriate EM and DSM techniques should 
facilitate an advance in the orderly reuse of the team systems engineering concepts. To 
demonstrate and test this presumption, it was understood that case study experimentation needed 
to be carried out. Here it was supposed that multiple cases of teams could be drawn from industry 
and higher education. Underlying assumptions and limitations when deploying any reusable set 
of team system engineering concepts would also need to be identified. 
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2 LITERATURE REVIEW 
2.1 Introduction 
In chapter I, it was noted that market and environment conditions are changing rapidly 
(Marinescu and Lavelle, 1998). Team-based approaches provide a means of achieving responsive 
innovation under changing conditions as well as achieving collaboration and planning between 
organisational sub-units (Anantharaman et a!, 1984). Also observed was a gap between 
developed theories and concepts on teams and teamworking and the way in which teams are 
understood and deployed in industrial settings. Strong evidence for such a gap came from 
publications that list of challenges and difficulties that adversely impact on team system 
functioning and the fact that a significant percentage of teams fail to achieve their aims (see 
section 1.1.2). 
Hence it was concluded that improved means of accessing and applying state-of-the-art team 
systems engineering concepts is required by business and industry at large. Here it was envisaged 
that improved access to concepts is needed in support of the way in which teams are conceived 
through to the way in which they achieve their end-purpose and possibly how they might be 
disbanded. Further it was envisage that enterprise modelling might be used in conjunction with 
dynamic systems modelling to enable the application of generic and semi-generic team systems 
engineering concepts in many different (specific) ME contexts. 
Therefore this chapter reviews: 
• Existing literature on teams and describes team systems in life cycle engineering terms 
• The roles of teams within manufacturing enterprises 
• Enterprise modelling and the state-of-the-art in relation to enterprise modelling approaches 
• Dynamic systems modelling and the state-of-the-art in relation to dynamic systems modelling 
approaches 
• An example multi-process modelling methodology that was dispensed to unify the application 
of state-of-the-art enterprise modelling and dynamic systems modelling approaches 
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2.1.1 The Distinction Between Teams and Groups 
Teams have immense potential. Hayes (2002) states that a growing number of organisations have 
found that changing to team-based work has had further reaching effects than might have been 
predicted. While Katzenbach and Smith (1993) argue that high performing organisations depend 
entirely on the creation of strong, semi-autonomous teams. According to Katzenbach and Smith 
(1993), directors and senior management are turning to teamwork for one reason and one reason 
only: "because it works and it works very well indeed". Teare et a! (1999) suggest that an 
organisation can accrue key benefits when they involve their people in teams to improve 
performance, such as: 
• Significant performance improvements in whole or part of the organisation, 
• Development of employee morale, commitment and personal development and 
• Improved creativity and flexibility focused on understanding and meeting customer 
requirements. 
Teams have an important place in our professional and personal lives, however not every group is 
a team and not every team is effective (Parker, 1990). Within this report, the author will reference 
the following terms: 'teams' and 'groups'. It is therefore important that distinction is made 
between these two expressions. A team is a group of people that share common objectives and 
need to work together to share them (Woodcock, 1979). Another distinction between teams and 
groups defines a group as two or more people who work together to achieve a goal while a team 
goes beyond this requirement and incorporates features that provide an extension of that simple 
definition (Scott and Walker, 1995). From these definitions, it can be stated that all teams are 
groups but all groups are not teams. As such, future reference to group processes and group tasks 
within this report will dictate and envelop team processes and team tasks. 
2.2 The Team System 
Syer (1996) postulates that any process that exists with a boundary is a system. He states that 
most systems have inputs and outputs and receive structured feedback. This is then identified as a 
pattern, which creates forms or structures to sustain the system's process and extend its life. 
Separate earlier works performed by Syer (1996) and Schermerhorn (1995), both support and 
identify the existence of a team system. Syer (1996) advances that teams are systems and that 
13 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
they are characterised by circular causality, open system configurations, inputs, outputs, 
structures and processes. Each of these elements of the team system have been briefly 
summarised in Table 2.1 from a review of the works ofSyer (1996) and Schermerhom (1995). 
ELEMENT OF DESCRIPTION 
TEAM SYSTEM 
Circular A system is a set of elements that have relationships between themselves and between their attributes and characteristics. 
Causality There are comparatively stable, multi-faceted cause-and-effect relationships between these elements, which can be called 
its structure, and the different parts of the system are causally linked which are its processes. In circular causality, a cause 
produces an effect, which in turn has many repercussions, some of which have an impact on the original cause. Although 
the causes produce effects, the connection between observed causes and effects are often circular rather than linear, even 
though, at any particular moment in time, this may not be apparent. 
Open System A system that affects and is affected by its environment is called an open system. All teams to the extent that they utilise 
any resources, communicate outside themselves or produce any outputs, are open systems. There are three system laws: i} 
the Composition Law, which states that the whole is greater than the sum of its parts. Elements of the system relate to each 
other, showing attributes, qualities and performance that can only be observed in terms of those relationships; ii} the 
Comprehension Law states that the system is dynamic and if the parts or sub-systems are taken out of relationship with 
each other, they will no longer demonstrate the qualities of the relationship and will therefore not explain their attributes as 
part of the system; and iii) the Decomposition Law states that the part is more than a fraction of the whole: the components 
of the system have an existence of their own. Team members have qualities and skills not evoked in the context of the 
team and may perform very differently elsewhere. 
Input Energy entering the system- information or resources- is a form of input. Inputs are the 'given work situation' that sets 
scenarios for subsequent team processes This is transformed via team processes in accordance with team structures. For a 
team, inputs might include management objectives, research data, production materials, communication with other teams, 
problems given to the team to solve or even new members 
Outputs Output is whatever the system transforms, produces or expresses as a consequence of its method of processing the input. 
These are products of the teams' performance when processing its inputs. When a systems approach is applied to 
teamwork, perfonnance is the output of the team's process. The way in which the team's input is transfonned by this 
process determines the success of the system. The more quickly the team solves the problem and puts into place permanent 
corrective action, the more effectively the team system will perform 
Structure and The structure of a team comprises those aspects relatively static and enduring. Process, on the other hand, refers to the 
Processes team's system behaviour- to those relatively dynamic or transient factors by virtue of change or instability. 
Structures might include specifications for the size and shape of the team. team membership, a place and time to meet, 
team roles, team goals and objectives. Processes will be norms that include methods of problem solving, decision-making 
and planning. 
Team processes can be defined as activities, which utilise resources. the team, to transform inputs (ideas, skills and 
qualities of the team members} into outputs {discoveries, solutions, proposals, actions, design ideas and products), while 
being subjected to specific controls. 
Table 2.1- Team System Elements (Source: Syer, 1996; Schermerhorn, 1995) 
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2.2.1 Team System Processes and Structures 
Figure 2.1 illustrates the relationships between team system elements. The critical link between 
the team's structure and its processes is found in the feedback loops, which are instrumental in 
order to promote continuous team systems engineering. Feedback loops feed information from 
the output back to the input. A team gradually establishes patterns of operations that transform 
the inputs to its system into desirable outputs. Feedback ensures success is constantly repeated. 
Teams will lack development without nourishment in the form of suitable feedback of 
performance achievements (relative to goals and purpose) which indicate the quality (fitness for 
purpose) of the way a team functions (Schermerhorn, 1995) 
An effective team will build into its structure mechanisms, which will both maintain effective 
performance through balancing (negative) feedback loops and improve the performance through 
reinforcing (positive) feedback loops (Syer, 1996). Feedback loops influence the way in which 
structure determines process and the way process determines structure. Information is transmitted 
within the system and is used to maintain stability, to bring about structural change and to 
facilitate interaction with other systems (Syer. 1996). 
I 
INFORMATION L INPUTS *purpose TEAM SYSTEM 
* objectives ~ OUTPUTS • task data 
t • task accomplishment 
• team behaviours 
RESOURCE INPUTS 
• human 
• technical r-
PERFORMANCE 
MEASUREMENT 
alter inputs to maintain AND FEEDBACK comparison between 
or improve outcomes ideal & actual outcomes 
Figure 2.1- A Model of 'Team Systems' (Interpreted from the Works ofSyer, 1996; Schermerhorn, 1995) 
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2.2.2 Generic M ode/ of the System Life Cycle 
A life cycle includes the entire spectrum of activity for a given system, commencing with the 
identification of a need and extending through system design and development, building, 
operational use and sustaining maintenance and support (Bianchard, 1998). Typical life cycle 
activities are categorised into a sequence of phases through which a system progresses during its 
existence (V ernadat, 1996). Vliestra (1996) advances a system life cycle model. This model 
categorises life cycle activities into five phases that include: 
• Requirements design: detailed design specification and implementation description of all system 
activities for each system process 
• Implement: building system based on design specification and implementation description 
• Release: once the system has been built according to its specification it is then released for 
operation 
• Operate: day-to-day use of the system within it operating environment 
• Maintain: system monitoring, system performance evaluation, system maintenance 
Figure 2.2 shows the sequence of phases through which a typical system progresses during its 
lifetime. In this figure it can be observed that systems engineering is triggered by an 'identified' 
need'. Further, the system 'maintain' phase provides feedback to each life cycle phase 
concerning: system monitoring results; system performance evaluations; and system maintenance 
and support requirements 
Identified need 
SEQUENCE OF SYSTEM LIFE PHASES 
lr 
REQUIREMENT IMPLEMENT RELEASE OPERATE MAINTAIN 
DESIGN 
t t t t ! j : FEEDBACK : : ! 
.. _ .. _,_,_,_ .. .1 .. _ .. _ .. _ .. _ .. - .. L .. _,_,_,_,_,l_,_,,_,_,_,_. 
Figure 2.2- System Life Cycle (VIietstra 1996) 
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2.2.3 Team System Engineering Life Cycle 
According to Syer (1996) and Schermerhom (1995), teams are systems. Thus like all other 
systems, it is presumed that team systems should progress through a sequence of life phases 
similar to those illustrated by Figure 2.2. Therefore the phases of a team system life cycle may 
include, but not be limited to: i) team system design stage; ii) team system implementation stage; 
iii) team system release stage; iv) team system operation stage; and v) team system maintenance 
stage. 
However, it was understood that although the life phases conveyed in figure 2.2 reflect a more 
generic sequential approach, the specific activities (and the duration of each) may vary somewhat 
depending on the nature, complexity and purpose of the system. Additionally various phases of 
activity may overlap somewhat (Blanchard, 1998). 
With regards to team systems, the literature only emphasise the existence of four phases in the 
life of team systems, namely: 
• Team System Design 
• Team System Building 
•Team System Operation and 
• Team System Maintenance 
Thereby advancing the notion of a four-phase team systems engineering model. 
It follows that two system life cycle phases identified by Vlietstra (1996) model are not clearly 
referenced by the literature on teams, namely: system implementation and system release. This 
difference in emphasis may be linked to natural differences between engineering human systems 
as oppose to technical systems. According to Blanchard (1998), system implementation concerns 
the production or construction of a system and its components; supplier production activities; 
system distribution and operation; and customer service and logistics support. Wbile system 
release involves releasing the system for operation (V emadat, 1996) and occurs after the system 
implementation phase where the system and its components have been constructed. 
The literature on teams emphasise the existence of a team system building phase, during which 
"individuals with different needs, background and expertise are selected and transformed into an 
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integrated, effective work unit" (Thaimhain and Wilemon, 1987). The literature on team system 
building illustrates how: team members are selected; task definition and task requirements are 
defined; customer requirements are identified; functional and team roles are assigned; and the 
team is released to execute the task assigned. Bearing this list of common activities in mind, the 
author assumes that system building (for a team) is equivalent to system implementation and 
system release phases (for a technical system). 
In the following sub-sections these four phases of team system engineering will be reported in 
the literature. These subsections describe: 
• The main activities characterising the four phases of team systems engineering 
• Current state-of-the-art in relation to theories, tools and techniques deployed to enable effective 
engineering of team systems 
• Difficulties that impact on team systems engineering 
2.2.3.1 Team System Design 
Team system design commonly involves a top-down approach to designing teams and where the 
prime concern is one of implementing business strategies (Chiesa, 1996 a, b; Dunphy and Bryant, 
1996; Schilling and Hill, 1998). 
Prasad and Akhilesh (2002) state that virtual teams (one of many team types) are set up to 
achieve stated objectives and their structures and context have to support these objectives. Thus it 
is very important to maximise the fit between team design and their stated intent. Team system 
design, they continue, uses the stated objectives of the team to determine the size; team 
composition and team structures. Prasad and Akhilesh (2002) suggest that proper team design in 
itself would be of no avail if it does not finally lead to the delivery of top performance, thus 
teams have to be structured to achieve maximum effectiveness. 
Much research has been done in the area of effectiveness and on critical factors that impact team 
effectiveness. Researchers have advanced a number of theoretical explanations and input-
process-output models to explain team effectiveness (Guzzo and Shea, 1992). These input-
process-output models typically include multiple categories of predictors and are perhaps the 
most popular way of thinking about teams in organisational literature (Guzzo and Shea, 1992; 
Prasad and Akhilesh, 2002). One such model of team effectiveness was advanced by Nieva et a! 
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(1978), which suggest that team effectiveness is a function of four variables (see Figure 2.3), 
such as: 
• External conditions or larger system in which groups operate 
• Member resources, or abilities, motivations, and personality characteristics of the members 
• Team characteristics or structural aspects of groups (such as size, composition, structure, etc.) 
• Task characteristics and demands, or specific kinds of activities that are permitted 
~ 
External Conditions Imposed 
on the Team 
41 
Member Resource I 
, 
Team Characteristics I 
Task Characteristics and Demands I 
INDIVIDUAL TASK 
PERFORMANCE 
TEAM PERFORMANCE 
Figure 2.3- A Conceptual Model of Team Performance (Source: Nieva et al, 1978) 
In figure 2.3, it can be observed that team characteristics are influenced by three variables: i) 
member resources; ii) external condition and iii) task characteristics and demands. 
It is evident from the literature that very different kinds of teams have been studied. They include 
cross-functional teams, task forces, self-managed teams and new product development teams. 
Also various models of group and team effectiveness have been advanced (Choudron, 1995; 
Cohen et al. 1996; Goodman et a!, 1986; Hackman and Morris, 1975; Hackman, 1990; Kur, 
1996; Larson and Gobeli, 1989; Nieva et a!, 1978; Pagell and LePine, 2002; Shea and Guzzo, 
1987). Amongst these different models, observed emphasis has been on team characteristics and 
composition, teamworking processes, work characteristics and contextual factors. This diverse set 
of concerns gives a clear indication that any framework that addresses team design has to be 
multidimensional. 
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It is discerned therefore that prime purposes of team system design are to define the problem 
adequately well and to use the definition to determine appropriate team characteristics, which 
relate to a specific team type such as a project team or a self-managed team. Hence team design 
can be viewed as choosing the right team type, i.e. the team with the characteristics, capacities 
and capabilities needed to perform the task(s) at hand within defined constraints. At present there 
is no well-defined or widely deployed way of designing an effective team (Stickley,1993). Rather 
currently, team types (teams with specific characteristics, capabilities and capacities) may be 
designed and deployed by one of the following two distinctive means, or indeed by a 
combination of the two: 
• The team already exists in the organisation and after fulfilling a role with respect to an initial 
task it has known capabilities and capacities and bearing this information in mind it is assigned 
alternative responsibility for a new or similar task 
• A group of individuals are formed into a new team without any formal analytical basis for 
assessing the risks involved or defining the initial team characteristics, composition, structures 
and process partners for a new task (Stickley, 1993). Rather these structures and processes used 
are expected to evolve over time as the team realises this new task 
With both of these means, team design is essentially ad hoc and incompletely planned and the 
team structure required to perform the task is formed over a period of time after tenure trial and 
error. As a result of this, several challenges are know to arise, which include: 
• The team is too large. A team that is too large will not engage all of its members fully and will 
enable some members not to participate to their fullest extent (Hayes, 2002; Katzenbach and 
Smith, 1993). Large teams are ineffective (Parker, 1994). Most team experts establish a team 
size of six as most ideal (Parker, 1994; Belbin, 1981). A team of six offers a broad range of 
technical skills and team roles so that the desired results can be achieved assuming other 
criterion for successful performance are also satisfied. 
• The team lacks resources. A team cannot function effectively if it is unable to obtain the 
resources and training that it requires during its lifetime (Hayes, 2002; Katzenbach and Smith, 
1993) 
• The team designed is not suitable, i.e. unsuitability of team type (Dyer, 1994). The team 
designed to produce a desired output can have a significant influence on the effectiveness of the 
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team systems. The more suited the team is to perform the task in hand the sooner the team can 
carry out the task satisfactorily (on a continuing basis if required). But the less suited the team 
is, the more the team will require task orientation and role definitions and training for team 
members. Invariably less well-suited teams necessitate a longer lead-time for task completion. 
Therefore in chapter 4, the elements of team effectiveness models (similar to Nieva, 1979) such 
as team composition, team characteristics and task characteristics have been described and 
categorised in order to develop a framework for effective team system design. 
2.2.3.2 Team System Building 
As defined earlier, team system building has been viewed as the process of selecting a collection 
of individuals with different needs, backgrounds, and expertise and transforming them into an 
integrated and effective work unit (Thaimhain and Wilemon, 1987). In such a transformation the 
goals and energies of individual contributors merge and support the objectives of the team 
(Thaimhain and Wilemon, 1987). McDonald and Keys (1996) advance that team system building 
can be advantageous in adding to the diverse viewpoints and the needed widespread contacts for 
anticipatory learning (i.e. learning that anticipates change). 
In fact, Partington (1999) states that the quality of the human resources, which make up teams, is 
a critical determinant of team performance. Castka et a! (2003) concur with many team experts 
by identifying team composition as one of the most important issues in team performance. 
Oakland (1993) states that no one person has a monopoly of good characteristics, because they 
are often contradictory (i.e. good listener vs. fluent communicator). 
Traditionally the composition of teams in the workplace has been determined through either 
functional or status considerations in order to ensure the right level of expertise and experience. 
Stickley (1993) supports this view asserting that the composition of teams is often selected on the 
basis of individual availability, previous experience, technical skills and capabilities. This 
approach, however, does not take into account the implications of individual personalities and 
behaviours in the team process and ignores the likelihood that team members will have 
preferences for roles they adopt in a team situation (Paddington, 1999; Stickley, 1993). For 
practical purposes one needs to differentiate sharply between an individual's 'functional role' and 
'team role', where the former refers to the job the individual performs which requires specific 
technical knowledge, educational foundation and work experience. The latter refers to the 
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'interpersonal' role of the individual with respect to the team and requires the individual to 
exhibit characteristic behaviours that support team systems effectiveness. 
There is a wide range of well-researched and developed tools and techniques available for 
building teams based on the functional requirements of the task, i.e. selecting members based on 
their technical skills, experience and expertise. However, the research on team roles and team 
role allocation is more controversial. Today there is no shortage of theories or tools explaining 
the meaning and the importance of a balanced composition of team roles (Leung et a!, 2003). The 
underlying rationale is that successful teams should possess a set of complementary characters to 
match the mission of the team. Different types of team roles represent a different kind of attitude 
and habitual behaviour to contribute to the work team. From a theoretical point of view, if 
management can assemble a suitable combination of people to play the different team roles, an 
ideal (balanced) team can be formulated (Belbin, 1981; Leung et al2003). 
One such theory highlighting the importance of a composition of team roles is Margerison et al. 
(1990) four-role model. Margerison and his team of researchers (1990) suggest that a balanced 
team should be composed of members having the characters of explorer, organizer, adviser, and 
controller. Kolb (1984) suggests a comparable conception. He specifies the roles of activist, 
reflector, theorist, and pragmatist as the key components to formulate a self-learning team. 
Among all the team role theories, the one that has been receiving the highest degree of attention 
is probably the eight-role model posited by Belbin (1981). He developed the theory through his 
nine years of research and extensive work in industry. The different types of team roles 
designated by Belbin are listed as follows: 
• Company worker. Organizing, practical common sense, hard working, and self-discipline. 
• Chair. Exploring the potentials of all contributors, strong sense of objectives. 
• Shaper. Ready to challenge inertia, ineffectiveness, and self-deception. 
• Plant. Genius, imaginative, intellectual, bringing in new ideas. 
• Resource investigator. Contacting people, using the advantages of all human connections. 
• Monitor Evaluator. Giving analysis and judgment. 
• Team worker. Promoting the harmony and spirit between team members. 
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• Complete finisher. Endeavouring to improve and perfect the quality of all jobs. 
The Myers-Briggs Type Indicator (MBTI) is also another strongly advocated mode (Leung et a!, 
2003). Based on Jungian psychology, people can be categorised and grouped together according 
to the similarities in their natural preferences, and people tend to develop particular behavioural 
habits and styles related to their preferences. The MBTI characterises an individual on four 
dimensions: introvert-extrovert (liE), sensing-intuitive (S/1), thinking-feeling (T/F), and judging-
perceptive (J/P) that corresponds to 16 possible personality types (Myers and McCauley, 1992). 
Many academic, consultants and others claim to have identified a generic set of team roles. They 
also claim that such a role set can facilitate the selection of individuals when building teams, i.e. 
as the basis of a method or tool which can guide or even semi-automate aspects of system 
building. Table 2.2 illustrates different team role classifications posited by team experts. It 
summarises and contrasts the works of Belbin (1981), Margerison and McCann (1990), Parker 
(1990), Francis and Young (1992) and Davis (1982). 
While it is clear that a successful team does involve different contributions from the participants 
and while it is also clear that different roles may be crucial to the overall success of the team, 
tying the individual to the role is much more contentious (Hayes, 2002). The problem, according 
to Hayes (2002), is that a very different situation may bring an entirely different facet of 
personality to the fore. For example, in the case ofBelbin's team role allocation, one person may 
take the role of shaper with respect to one type of task, while adopting an evaluative role in 
another, and a 'plant' role in the third. 
Chapter 5 offers one possible approach to managing this challenge discussed by Hayes (2002). It 
offers a means of measuring and monitoring team role performance at varied instances in time, 
i.e. how well each member performs in the team role assigned; and thereby evaluating team role 
suitability- the suitability of the match between the individual and the team role allocated. 
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REFERENCES TYPES OF TEAM ROLE 
Belbin (1981) Plant Monitor Evaluator Team Worker 
Resource Investigator Completer Company Worker 
Chairman Shaper 
Margerison and McCann Report Adviser Thruster-organiser Assessor-developer 
(1990) Creator-innovator Concluder-producer Upholder-maintainer 
Explorer-promoter Controller-inspector 
Parker (1990) Challenger Contributor Collaborator 
Communicator 
Francis and Young (1992) Process Manager Concept Developer Co-operator 
Radical Harmoniser Politician 
Technical Expert Output Driver Promoter 
Critic 
Davis et al (1992) DRIVER Developer Director Innovator 
PLANNER Strategist Estimator Scheduler 
ENABLER Resource Manager Promoter Negotiator 
EXECUTIVE Producer Co-ordinator Maintainer 
CONTROLLER Monitor Auditor Evaluator 
Table 2.2- Various Approaches to Team Roles Allocation (Interpreted from Literature References 
Documented in Text) 
2.2.3.3 Team System Operation 
Woodcock (1979) stated that any team has two prime areas of concern, namely: i) teamworking 
development, 'the way the team plays'; and ii) task realisation, 'the direction of individual skills 
towards a united effort needed to complete tasks and attain goals'. Since Woodcock's publication 
in I 979, many authors have supported his view that teams will concurrently carry out sub-
processes concerned with (i) and (ii). 
Team working Development involves 'taking care of the team members' and is centred on team 
behaviour, roles, work assignment, communication and so forth (Woodcock, 1979; Stickley, 
1993). While task realisation is about 'getting the job done'. Task realisation should lead to 
attainment of goals and completion of the purpose for which the team was developed (Woodcock, 
1979; Stickley, 1993). These two prime areas of concern characterize the actual processes (i.e. 
activities that occur over time) during the team system operation stage and are best illustrated by 
Gladstein's (1984) Model of Group Behaviour (see Figure 2.4) 
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Figure 2.4- Gladstein's (1984) Model of Group Behaviour 
Gladstein's (1984) model in Figure 2.4 concur with the works of Woodcock (1979) and Stickley 
(1993) and describe team system operation as comprising two main aspects, i.e. teamworking 
development and task realisation which Gladstein (1984) refers to as team processes and team 
task respectively. 
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2.2.3.3.1 TeamworkingDevelopment. the team aspect o(Team System Operation 
Teamworking processes executed during the team system operation will be considered herein to 
incorporate sequences of events, activities and behaviours that transform a group of individuals 
into an efficient functioning unit. This sequence of events, activities and behaviours progress the 
teamworking developmental aspects of a team as that team continues to operate. There is a 
general agreement that teamworking progresses through different stages (Caracciolo, 2000; 
Foster, 1996; Hardingham, 1994; Holpp, 1999; Katzenbach and Smith, 1993; Robbins and 
Finley, 1996; Scott and Walker, 1995; Syer and Connolly, 1996; Woodcock, 1979). These stages 
are defined within the "form-storm-norm-perform" model (FSNP model) of teamworking 
development proposed by Tuckrnan and Jensen (1977). The FSNP model describes key 
characteristic features of teamworking development. Those key features characterise the four (F-
S-N-P) steps in progression as a team "gels" together ideally into a "single organism", capable of 
tackling and solving problems efficiently and with the minimum amount of time and effort taken. 
As a team becomes increasingly effective, the procedures it adopts and the characteristics it 
displays will change (Woodcock, 1979). Team efficiency increases as a team transforms from a 
group of individuals into a successful functioning unit. Gluesing et a! (2003) described this 
transformation in the form of Table 2.3. 
COMPONENT DESCRIPTION 
Team Formation Initial conditions of team start-up. These conditions include members' individual characteristics, 
their social networks and the resources available to them. Conditions also include the team structure 
and level in the hierarchy, as well as the nature of the teams' task and the team members' and 
organisations' perception ofthat task 
Teamworking Development Teamworking development processes comprise ordered sets of actions and interactions that bring 
Processes about an end result. The quality of teamworking development processes can speed up or slow down 
teamworking progress and therefore its ability to accomplish given tasks. 
Team Maturation Maturation is the state a team seeks to achieve and sustain during task realisation. Typically 
maturation has these characteristics: a common purpose that members believe in and are committed 
to; collaborative interactions with one another and other groups; the ability to sustain a common 
task focus and collaboration across multiple contexts. 
Table 2.3- Team working Development Processes (Source: Gluesing, 2003) 
During the 'forming' stage team members achieve a transition from individual status to member 
status. Characteristic 'forming' activities centre on introduction, orientation and initiation sub-
processes. Characteristic 'storming' activities clarify relationships between team members, 
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clarify and distribute roles among team members and enable a team to focus on interpersonal 
issues. During its 'norming' stage a team develops systematic and methodological approaches to 
working, typically developing operating guidelines. During the 'performing' stage teams achieve 
needed task development activities in an effective and timely manner, as a consequence of having 
previously developed appropriate levels of trust, energy (or spirit), creativity and innovation (Kur 
1996). 
Ideally managers operating within the host environment of teams as well as team leaders and 
team members, require teams to progress to the 'performing' stage as quickly as possible and 
then to remain at this stage for as long as required (Kur, 1996). This assumes that team 
'performing' is an idealised state a team will seek to achieve and sustain. Also commonly 
assumed is that the rate at which a typical team progresses through its life cycle in order to reach 
the 'performing' stage (i.e. the rate of transition through forming, storming and norming stages) 
will influence team functioning and the quality of the final output. 
2.2.3.3.2 Task Realisation. task aspect of Team System Operation 
Syer (1996) offers an entirely different categorisation of team system operation. He considers the 
task aspect. He describes teams as typically progressing through four main stages of task 
realisation, namely: recognition, understanding, decision and implementation1• Syer's (1996) 
main observations of these task realisation stages are as follows: 
• Stage I, Recognition: During the 'recognition' stage of task realisation, a team makes initial 
contact with the situation. Early impressions formed by the team may determine the ultimate 
success or failure of ensuing teamworking development and task realisation processes. The 
essence of the 'recognition' stage is one of identifying circumstances - rather than making any 
behavioural response. From identification sub-processes (i.e. sets of activities carried out during 
the task recognition stage) a recognition or understanding of aspects of the team's purpose will 
be developed, as will an appropriation of the necessary tasks required to fulfil the team's 
purpose bearing in mind the team's particular operating environment and constraints. 
1 Syer also describes a fifth, completion stage of task execution that concerns: follow up assessment processes, 
empowerment of process owners and release of authority. However, this study focuses only on the first four stages of 
the Syer task life cycle. 
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• Stage 2, Understanding: At the 'understanding' stage of the task realisation typically a team will 
carry out three main types of activities, namely: i) making certain that the key issues identified 
at 'stage 1' are really the ones that need to be addressed, ii) collecting data to clarify and 
amplify the nature and impacts of the team's operating environment and constraints and iii) 
preparing a data analysis that will show how team responses might be made. 
• Stage 3, Decision: If performed effectively it is likely that the 'understanding' stage will have 
included use of a framework for making decisions. This should yield understandings about 
possible options and initial criteria for success. The 'decision' stage of task realisation should 
finalise criteria for success, align these criteria to initial objectives, generate options for action 
and decide upon the best course for action. 
• Stage 4, Implementation: At the 'implementation' stage the team should have a focus on project 
management. Thereby it should organise and realise the design, development and 
implementation of needed task processes (i.e. needed elemental task realising activities over 
time) and therefore to translate ideas into successful results. 
This is just one of the many frameworks documented within the literature and designed to explain 
how a typical team progresses with respect to task realisation. This stream of research on team 
system operation concerns phases in group problem solving or decision development. A classic 
study in this tradition is Bales and Strodtbeck's (1951) unitary sequence model of three phases in 
a typical groups' movement towards its goals: orientation; evaluation; and control. These models 
are deeply grounded in the paradigm of group development as an inevitable progression: a group 
cannot progress from the first stage to the last stage of development without first going through 
each of the intermittent stages simultaneously. 
Gersick (1988, 1989) posits a model that challenges this paradigm. It states that teams develop 
through states of sudden formation, maintenance and sudden revision of framework for 
performance; she describes this task realisation as punctuated equilibrium (a model of evolution 
that is characterized by long periods of stability in the characteristics of a system and short 
periods of rapid change during which new forms appear). This model differs from traditional 
portrayal of group development in that it specifies mechanisms of change in team behaviour as 
well as the role of a team's environment (Gersick 1988, 1989). It highlights the process through 
which frameworks of performance are formed and revised and predicts that timing of progress 
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and when and how in their development teams are likely and unlikely, to be influenced by their 
environment (Gersick, 1988, 1989). 
2.2.3.3.3 Challenges to Team System Operation 
However, despite the pool of research available on team systems operation there is no agreed 
criteria for evaluating and assessing team system progress towards its teamworking goals. 
Measuring team performance and understanding the factors that impact on team system operation 
is generally recognised as an important factor in organisational and team system development 
(Deming, 1986; Ishikawa, 1985; Oakland, 1993; Zairi, 1994). A team is typically established 
with a task and therefore there is a strong relationship among teams, task and performance. Yet 
team experts argue that in many organisations teams only measure their performance in relation 
to task goals and often neglect or completely ignore the use of teamworking performance 
measures (Chang et al., 1995; Katzenbach and Smith, 1993; and Munro-Faure et al,1998),. 
Chang et al. (1995) support this view and make the point that a team needs to measure the 
effectiveness of the goal as well as the way the team reaches its goals, i.e. team dynamics (roles, 
responsibilities, clear guidelines). Chang et a! (1995) advance a model of team effectiveness that 
uses measures to assess team system performance in relation to its task goals as well as its 
teamworking performance. These measures include: clarity of goals and objectives; achievement 
of results; structure; problem-solving skills; support of leadership; use of team resources; 
recognition and motivation; conflict management; understanding of roles; effectiveness of 
communication; and creativity. These measures include both qualitative and quantitative 
measures. 
Thus an approach is needed to evaluate team system performance with respect to the 
teamworking aspects. Chapter 6 of this report examines notions associated with team system 
operation with the objective of developing a framework to measure and monitor team system 
effectiveness and performance in relation to teamworking goals. 
2.2.3.4 Team System Maintenance 
Groesbeck and V an Aken (200 1) suggest that achieving effective team design, building and 
operation represents only a start towards achieving increased competitiveness through teams. 
Teamworking is the process by which people work together more effectively. Teams are not 
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objects to be installed and left to run without further attention or support. Rather, team systems 
must be monitored and supported (Polley and Rib bens, 1998). 
Given potential difficulties of developing and sustaining effective team system processes, Polley 
and Ribbens (1998) advocate a 'wellness' approach to deal with chronic and potential team 
system problems. Wellness has been described as being two interrelated sub-processes, such as: i) 
monitoring and ii) maintenance (Groesbeck and Van Aken 2001), where: 
• Monitoring includes diagnosing past performance and assessing group processes at key 
checkpoints to assess a team's process health; and 
• Maintenance includes assuring that teams receive the support and coaching needed to develop 
productive processes for the way they work together and perform core task routines 
Implementing a team system wellness approach requires the development of new tools, exercises 
and techniques to monitor established teams and to support their ongoing maintenance or 
improvement (Polley and Ribbens, 1998). 
This study and thesis proposes and demonstrates the use of an approach to team system 
'wellness' (see chapter 10). In doing so it aims to exemplify the use of team systems concepts 
that help i) diagnose past team system performance and ii) assess team system processes at key 
checkpoints to ascertain team system effectiveness 
2.2.3.5 Summarv of Team Systems Engineering 
Figure 2.5 presents a four-phase model of the team systems engineering life cycle. Team system 
design deploys information contained in stated objectives of the team, i.e. information about the 
task definition and task characteristics to determine specific team characteristics such as: its 
composition, size, structure and so on. Team system building involves constructing the team 
system by selecting individual with appropriate skills, knowledge and expertise. In this thesis it is 
supposed that skill-requirements of the team can be usefully determined from the task definition 
and task characteristics. Both functional roles and team roles are allocated during the team system 
building phase. The team system operation phase comprises two sub-processes, namely: i) 
teamworking development and ii) task realisation. Finally team system maintenance is 
characterised by two main concerns, i) monitoring and ii) maintaining team system processes. 
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Figure 2.5 illustrates the team systems engineering phases and their distinguishing stages of 
activity. 
TEAM SYSTEMS 
ENGINEERING 
LIFE CYCLE 
(DBOM) PHASES 
. 
TEAM SYSTEM DESIGN 
TEAM SYSTEM BUILD 
TEAM SYSTEM 
OPERATE 
. . 
TEAM SYSTEM 
MAINTAIN 
Stages of Activity within each 
Task Definition Task Characteristics Team Characteristics 
Members Characteristics Functional Roles Team 
Roles 
Task Teamworking Development 
Realisation 
Monitoring 
Maintenance 
Phase of Team Systems ------------------------------------------------------- __ .,. 
Engineering Life Cycle 
Figure 2.5- The DBOM Team System Engineering Life cycle 
In summary, teams can be considered to be systems and as such steps and processes associated 
with team systems can be characterised in life cycle engineering terms. The literature reviewed in 
this section was organised with respect to four phases of team systems engineering, namely: team 
system design; team system building; team system operation; and team system maintenance. 
These phases are distinctive from each other in terms of the events, activities and processes that 
occur. Further, these DBOM phases encompass groupings of activities performed from initial 
identification of task definitions and requirements through designing the team, allocating 
resources, achieving teamworking development, realising the task and terminating at the 
completion of the task or the dissolution of the team. Because these phases of team systems 
engineering can range from team 'conception' to team 'grave', collectively the four DBOM 
(design, build, operate and maintain) phases are referred to in this thesis as the team systems 
engineering life cycle. 
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It is understood that the phases of the DBOM team systems engineering life cycle are inter-
related and collectively impact on team system effectiveness. For example, task definition has 
causal effects with respect to team system design (team characteristics) whilst team system 
design impacts on team system effectiveness (Prasad and Akhilesh, 2002). A poor team design or 
unclear task definition will ultimately diminish the performance of a team. 
2.3 The Role of Team Systems in Manufacturing Enterprises 
Conventional means of generating and developing a manufacturing business centre on bringing 
people together and providing them with a structure and technology for doing work (Davis 1982). 
Here a common requirement is to realise organised associations between people ( competences) 
and jobs (i.e. related sets of activities) (Vernadat 1996). This leads to units of society, or 
'organisations', that function to realise products and services (Drucker 1990, Warnecke 1993, 
Handy 1993). The term 'organisation' reflects the organic or human-centred composition of 
business units (Simon 1999) and characterises their ability to evolve new behaviours over time. 
Changing customer desires and global competition continue to shorten product lifetimes, 
resulting in increased product complexity. Often this can drive an organisation to work as an 
integral part of a 'partnership enterprise' that is geographically distributed (Crutchfield 1986; 
Hamel1993; and Warnecke 1993). According to ISO 14258, "an enterprise comprises a group of 
organisations that share a set of goals and objectives to offer products, services or both". 
Therefore there arises a need for groups of people who have collective responsibility for the 
design of organisation structure and technology that can 'bind' such an enterprise (Weston, 
2003). 
Therefore the people who comprise an enterprise (and the organisation units within it) have 
collective and ongoing responsibility for deciding i) 'WHAT' an enterprise should do; ii) 'HOW' 
it should structure itself and use technology to achieve its goals and objectives; and iii) 'DO-ing' 
product and service realising activities in a structured and technically-supported (i.e. organised) 
way as defined by (i) and (ii). They should discharge this duty effectively and with sufficient 
regularity that the enterprise continues to demonstrate competitive behaviours within the 
political, economic, social and technical environments in which it operates. 
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2.3.1 Common Properties of a Manufacturing Enterprise 
According to ISO 14258:1998 the following three classes of activity are required during 
plan/build, use/operate and recycle/depose life-phases of an enterprise; namely: 
• Find out what an enterprise should do (activity class W) 
• Find out how to do it (activity class H) 
• Do it (activity class D). 
Table 2.4 illustrates example 'W', 'H' and 'D' activities typically involved, organised into three 
meta life-phases. This does not assume that the Meta life-phases occur sequentially, indeed 
normally there will be iterative loops between them and within them. 
Despite the evident simplicity of Table 2.4, in practice when realising products and services most 
(if not all) enterprises need to carry out very complex sets of related activities, which typically 
will be organised into tasks, jobs, roles and so forth. 
"What" activities "How" activities "Do" activities 
•develop product * design product 
Enterprise plan •develop enterprise goal requirements *plan production 
& build phase *define strategy •define product concep~ • plan product support 
(e.g. before sell/buy 
•define product needs •design production *procure parts 
title transfer) of the enterprise processes *produce product 
•design production * test product 
•develop partnerships systems *ship product 
Product use *define use requirement 
& operate phase *define support policies •define use processes * use the product 
* define use policies & systems • support the product (e.g. after sell/buy 
•define support title transfer) 
requirements 
•define support 
processes & systems 
Dispose & recycle •define recycle require'ts, *recycle product 
phase * define recycle policies processes & systems * dispose product (e.g. after product Is no *define dispose policies •define dispose 
longer useful} requirements, processes 
& systems 
Table 2.4- Common Enterprise Activities: An Activity-Based View of An Enterprise (developed by Weston, 
2003 from ISO 14258:1998) 
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Primarily it is people who decide 'what' an enterprise is for and 'how' it operates. Often also 
people 'do' the activities needed to make it operate. The decisions they make and actions they 
take are complicated by the fact that most industrial and commercial enterprises operate within 
complex and uncertain environments, in which unknown cause and effect influences occur 
irregularly. 
2.3.2 Team Systems in Manufacturing Enterprises 
Figure 2.6 is a generalised, abstract and very simple 'functional' representation of a typical 
manufacturing enterprise (ME). There may be multiple instances of the functional units depicted 
(such as the existence of a number of manufacturing plants) and the functional units may be 
distributed around the globe. Therefore at a very abstract level MEs can be loosely characterised 
as some combination of business, design and manufacturing units which operate in an integrated 
manner to add value to materials, components and systems (received from suppliers) in such a 
manner that the ME can supply products to customers at a profit. 
engineering production 
Figure 2.6- Simple 'Functional' View of A Manufacturing Enterprise (ME) (Source: Weston, 2003) 
Weston (2003) explains that in general ME processes such as business, engineering and 
production processes (see figure 2.6) comprise order sets of activities. These processes are 
executed by a set of functional entities (Kosanke, 1996; and Vemadat, 1996). A functional entity 
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is any resource inside or outside the enterprise capable of executing basic functional operations 
(Vernadat, 1996). Examples of functional entities within an enterprise are: 
•Machines 
• Applications, i.e. software packages 
•Humans or groups ofhumans (such as groups and teams) 
Therefore within a manufacturing enterprise, teams can be deployed to execute business 
processes. Figure 2.7 is an illustration of the use of teams in MEs . 
.. 'Do' (or 'Operational') Activities & Flows 
design teams 
(computer ~uppnrtcd hutnan ~·y~t<.'ln<i) 
production team~ 
and systems 
sales teams 
and systems 
Figure 2.7- Team Systenis Resourcing 'Doing' Processes in an Engineer-to·Order Manufacturing Enterprise 
(Source: Weston, 2003) 
2.3.3 Summary- Team Systems and Manufacturing Enterprises 
As described earlier, team systems are complex. Team systems constitute a combination of 
human resources with a variety of personalities, skills, competences, behaviours and experience. 
Within a manufacturing enterprise, these complex systems resource 'what', 'how' and 'do' 
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activities. Figure 2.7 identifies just three types of teams that can be deployed within an engineer-
to-order manufacturing enterprise (ME). Therefore to enable the successful deployment of team 
systems within a manufacturing enterprise there are major issues that need to be addressed. These 
include: 
• There are many different types of team that can be used to resource a wide variety of business 
processes. 
• Research with regard to the engineering of team systems has identified major problems that 
must be overcome to utilise ME teams more effectively 
The challenge is to be more effective and efficient in the development and implementation of 
new systems (human and technical) as well as in the operation and maintenance of those systems 
already in being (Blanchard, 1998). Many authors have expressed the view that this will be best 
accomplished though the implementation of systems engineering concepts, principles and 
methods (Blanchard, 1998; Groesbeck and V an Aken, 200 I; Senge, 1990). 
2.4 Need for a Systems Engineering Approach 
Systems engineering is the effective application of scientific and engineering efforts to transform 
an operational need into a system configuration (Blanchard, 1998). Successful implementation of 
systems engineering concepts within a team context is expected to be dependent on: 
i. Employing suitable top-down thinking and a supportive approach which views team systems 
as a whole, understanding and identifying necessary components of team systems and 
recognising and describing how these components will fit together effectively 
ii. Addressing all key team system activities, commencing at the initial identification of a need 
and extending through to designing, building and operating a team system and terminating at 
task completion, or team decommissioning. 
Systems engineering provides tools and techniques to create "well engineered" system 
configurations (Webb, 2003). In particular it uses modelling as a means of analysis, improvement 
and validation of proposed solutions. In such a way, system descriptions can be supported by a 
number of products comprising diagrams, models and logic statements, which provide a coherent, 
consistent and accurate representation of the system (Webb, 2003). System engineering tools and 
techniques allow: i) a structured way of modelling and analysing relationships between system 
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entities; and ii) a structured way of creating and implementing aspects of the runtime system 
(Weston, 1998) 
The subsequent sections describe two such systems engineering tools and techniques that can be 
used to effectively engineer team systems, namely: 
i. Enterprise modelling 
ii. Dynamic systems modelling 
2.4.1 Enterprise Modelling 
Enterprise Modelling (EM) is the art of externalising enterprise knowledge, and concerns a 
process of making models that add value to the enterprise by enabling needs and systems to be 
shared (Vernadat 2002). It is the set of activities, methods, and tools related to developing models 
for the whole or part of an enterprise (AMICE, 1993; Petrie, 1992). V ernadat (2002) identifies 
the aim of enterprise modelling as being to: 
• Provide a better representation and understanding of how the enterprise works 
• Support the design (or redesign) and specification a part of the enterprise (functional, 
behavioural, informational, organisational or structural aspects) 
• Provide a model to control, coordinate or monitor some parts of the enterprise operations. 
One of the earliest references to Enterprise Modelling was by Martin in (1982) who referred to a 
data-oriented version of business process models as an enterprise model. An enterprise model is a 
description of the main constituents, purpose, processes, etc. of an enterprise system and how 
they relate to each other (Koubarakis and Plexousakis, 2002). They are used to formalise the 
flow of control of processes within an enterprise (Biemans, 1989). This includes models of 
various types, and each type of model defines "a perspective or viewpoint from which the system 
is considered for a given purpose, concentrating on some aspects and hiding irrelevant ones to 
reduce complexity" (Vernadat, 1996). An enterprise model can include various activity, process, 
organisation, information and behavioural models (Delen and Benjamin, 2003). 
Enterprise models have three critical characteristics, namely (Delen and Benjamin, 2003): i) each 
model type is different in nature from any other model type, the difference lies in its semantic 
categories, the kinds of things taken as primitive (processes, activities, classes and attributes) and 
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the logical relations those categories can maintain with one another; ii) for each model type it is 
necessary to capture different aspects of the enterprise and ideally, all types of models should be 
developed to provide comprehensive and coherent descriptions of the enterprise; and iii) m 
general models describing different aspects of an enterprise are not independent of each other. 
2.4.1.1 Benefits from Entemrise Modelling 
There are many potential benefits from using enterprise modelling (Monfared, 2000). A model 
provides insight into system capabilities and highlights alternative solutions and application 
scenanos that prepare the system to adapt to business change (Craig and Douglas, 1997). 
Business change may influence many facets of an enterprise, including its processes, 
communication systems and information requirements and the way that resources are organised 
and operate (Weston, 1998). To manage such changes in the enterprise operation in real-time 
requires not only access to sufficiently up-to-date information and knowledge but also additional 
means to support handling and use of this information (Kosanke, 1995). An effective way 
identifying and obtaining access to needed information is via models of the enterprise. 
Potentially therefore the use of enterprise modelling can: reduce overall systems engineering 
lead-times and costs; decrease the inherent complexity of target systems through use of improved 
organisational structures; promote improved match between design requirements and system 
capabilities; facilitate system flexibility; and improve system performance (Monfared, 2000). 
2.4.1.2 Limitations ofEntemrise Modelling 
Despite the obvious benefits that can be obtained from the use of enterprise modelling 
technologies, there are several factors that limit the successful deployment of these techniques. 
These include: 
• The cost involved in these projects. Their cost is usually difficult to evaluate at the beginning 
of each project 
• Project size and duration: these projects may take many years and involve many people with 
totally different skills, inducing high costs 
• Complexity: these projects can be all embracing and involve many aspects of a complex 
enterprise system. 
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• Skiiied people: highly skiiled people are required but training programs are scare 
2.4.1.3 Entemrise Modelling Approaches. State-of the-Art 
There have been many reviews of and comparisons made regarding enterprise modelling 
concepts and tools including those of Bemus et a! (1996); Kosanke (1996); Monfared (2000); 
Vemadat (1996); and Wiiliams et a! (1994). Some enterprise modelling examples are considered 
briefly in the following discussion: 
• GRAIIGIM- the Graph with Results and Activities Interrelated/GRAI Methodology was 
developed at the University of Bordeaux in France (Doumeingts, 1989) to help designers to 
model production management systems (Chen and Doumeingts, 1989). Initially GRAIIGIM 
focused on modelling decisional structures of a manufacturing enterprise related to strategic, 
tactical and operational planning (Monfared, 2000). GRAI concepts were extended to support 
the design of CIM systems leading to GIM as an integrated methodology for business process 
modelling (Kosanke, 1996). The scope of GRAIIGIM framework covers conceptual, 
organisational and physical modelling levels. 
• CIMOSA- CIM Open Systems Architecture has progressively been developed by the AMICE 
Consortium (ESPIRIT Consortium, AMICE, 1993). CIMOSA has been designed to help 
companies manage change and thereby integrate their facilities and processes to face worldwide 
competition (CIMOSA Technical Bulletin, 1996). The CIMOSA architecture supports process-
oriented modelling of different manufacturing enterprises. The CIMOSA framework supports 
the engineering of enterprise models with a scope that covers requirements definition through to 
implementation description and the operation use and maintenance of the system. This 
framework includes modelling concepts that can be modelled at different levels of generality 
and that covers a number of modelling perspectives (Monfared, 2000) 
• ARIS- Architecture for Information Systems was developed at the University of Saarbrucken in 
Germany (Scheer, 1992; Scheer and Kruse, 1994). The ARIS approach focuses on issues related 
to enterprise information system design. Therefore it provides specific modelling support for 
Information Technology parts of enterprise engineering projects (Kosanke, 1996). ARIS is 
designed to target business process modelling at database design (Monfared, 2000). It achieves 
this by providing modelling construct that lead to the development of entity relationship data-
models (Li, 1997). 
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• PERA- the Purdue Enterprise Reference Architecture was developed at the University of Purdue 
in the United States of America (Williams 1994). This methodology is characterised by its 
layered structure. The life cycle starts with a definition of the business entity to be modelled, 
identifying its mission, vision, management philosophy, mandates, defines project sponsors, 
leaders, members, etc. and ends with obsolescence of the plant at the end of the operational 
phase (Kosanke, 1996). PERA concepts have a scope that covers the introduction, 
implementation and operation of an enterprise business entity (Monfared, 2000). These entities 
may be either part of a larger entity or be the complete enterprise itself (Monfared, 2000) 
2.4.1.4 CIMOSA Modelling Methodology 
The literature identifies a number of modelling approaches (see section 2.4.1.3). However, in this 
section the CIMOSA enterprise modelling approach is described in detail. The rational for this 
focus is summarised below: 
• CIMOSA is a well-established modelling architecture, that has been studied, tested and 
validated in many academic research groups and by industrial end-users in different 
manufacturing sectors (Gransier and Schonewolf, 1995) 
• Many parts of CIMOSA modelling architecture have been considered as the basis of CEN and 
ISO international standards (Kosanke, 1995) 
• In addition, the CIMOSA Architecture has been used successfully in other research projects 
carried out in MSI Research Institute at Loughborough University. This has provided valuable, 
relevant experiences and associated methods, tools developed by researchers at the Institute. It 
was realised that this would help through this project 
CIMOSA was developed mainly in the late 1980's early 1990's by the AMICE Consortium 
during a number of ESPIRIT Projects (AMICE, 1993). CIMOSA was designed to help 
companies manage change and thereby integrate their facilities and processes to enable then to 
face worldwide competition (CIMOSA Technical Bulletin). The CIMOSA architecture supports 
process-oriented modelling of different manufacturing enterprises (Monfared et a!, 2002), where 
the resultant process-based enterprise models not only identify enterprise requirements but also 
enables descriptions of process functionality and resources needed in relation to enterprise 
operations (Kosanke, 1995). 
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The CIMOSA Modelling Framework comprises three major components: 
• An enterprise modelling framework guides users in modelling business requirements, deriving 
system design and implementation and to support vendors in system component development 
(Zelm et a!, 1995) 
• An integrating infrastructure provides the enabling technology to achieve physical and 
application integration (Vemadat, 1996) 
• Reference architecture which supports three levels of complete life cycle of enterprise 
operations (Monfared, 2000) 
CIMOSA provides a consistent modelling environment (Reyneri, 1999). It provides a common 
modelling language that enables different people to model different areas of the enterprise, but 
ensures the overall integrity of enterprise models (Kosanke, 1995). The CIMOSA reference 
architecture (see Figure 2.8) supports modelling of life stages of enterprise operations, covering 
Requirements Definition; Design Specification; and Implementation Description (Kosanke, 
1995). To organise modelling efforts, CIMOSA defined three levels of generality from purely 
generic to the highly particular level (Monfared et a!, 2002). Each level of generality supports 
different modelling views or perspectives on a given enterprise, namely: function, organisation, 
information and resource. 
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Figure 2.8- CIMOSA-based Abstraction Mechanism (Source: Monfared, 2002) 
2.4.1.4.1 Building Blocks, CIMOSA Business Process Modelling 
CIMOSA function models can be used to visually represent 'real world' processes (Monfared, 
2002). The CIMOSA function model consists of a set of modelling constructs or business entities 
(Tham, 1993). A description of the business entities is given below. Those descriptions were 
derived from modelling construct and business entity descriptions reported in journal articles by 
Chatha et al (2003) and Monfared et al (2002). These business entities described include: 
• Domain: specifies the overall scope and content of a model of the enterprise 
• Domain Process: defines those enterprise entities that influence the achievement of related 
domain objectives. Domain process should be independent in the sense that they exist in order to 
contribute to domain objectives and deliver quantifiable benefits. Domain process interactions 
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are normally modelled in terms of the exchange of information, human resources and/or 
physical resources, where such an exchange is triggered by specified events. 
• Business Process: this type of enterprise entity has a functional, behavioural and structural part, 
and is initiated by an enterprise event such that execution will result in the fulfilment of an 
identified business process. The business process modelling construct aggregates all lower level 
business processes and/or enterprise activities required to carry out defined tasks and specify the 
complete sequence of operations needed to achieve activity objectives. CIMOSA 'business 
processes' are similar to domain processes in that they concatenate enterprise activities and have 
well defined inputs and outputs. But whereas domain processes can be triggered by only an 
event, business processes need to be jointly triggered by an event and a call from a domain 
process. Business process specifications also need an ending status to be defined. 
• Enterprise Activity: Enterprise activities are used to represent elementary units of activity in a 
CIMOSA domain. Enterprise activities are carried out to transform inputs into outputs of 
increased value and they require informational and physical (i.e. human, machine and IT 
system) resources to realise the functionality ofthe activity they define. 
To enable CIMOSA models to be graphically represented and visualised by teams of people with 
different concerns, a method was developed at Loughborough University (Aguiar, 1995) that 
enables complex multi-process models to be organised into several interrelated diagrams. The 
abstraction mechanisms deployed includes context diagrams to define CIMOSA and non-
CIMOSA domains and their relationships; domain diagrams to specify domain processes within 
each domain; interaction diagrams to define the inputs and outputs of each element of domain 
processes in terms of flows of information, material and control; structure diagrams to 
decompose each domain into atomic functional elements of business processes and enterprise 
activities; and activity diagrams to describe procedural rules related to the functionality of each 
domain process in terms of flows of control, information and time (Monfared et a!, 2002) 
2.4.2 Dynamic Systems Modelling 
While enterprise modelling approaches document and represent systems knowledge in a reusable 
way, when using state-of-the-art enterprise modelling tools the resultant system representations 
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are static. It follows that, complementary dynamic systems modelling approaches are required to 
enact2 these models in a suitable computer executable form. Typically current enterprise 
modelling representations are paper-based or exist as simple computer graphic representations 
and relationships that require translation before they can be enacted by simulation or workflow 
tools (Chatha et a!, 2003). Dynamic systems models can be the target of such a model translation 
to enable 'what if analyses and assessments to be undertaken (Monfared et a!, 2002). There are a 
number of dynamic systems modelling tools such as: i) Process Wise™; ii) Casual Loops (Kim 
and Anderson, 1998); Systems Architecture™; and 'ithink™'. Key aspects of two of these are 
described hereunder. Causal loops and ithink™ are discussed primarily because of their 
simplicity, ease of use and because of pre-existing experience of using these tools was available 
in the MSI Research Institute. 
2.4.2.1 Causal Loops 
Causal loop diagrams are graphic representations of the 'users' understanding of systematic 
structures (Kim and Anderson, 1998). Causal Loop diagrams have proven widely useful because 
they can reveal key variables within a system, and thereby enable understandings about how a 
system is constructed and how it does or could (with modifications) behave. 
Causal loop diagrams (CLDs) are one class of systems modelling tool. These diagrams consist of 
arrows connecting variables (things that change over time) in a way that shows the directional 
effect that variables have on other variables. 
Each arrow in a causal loop diagram is labelled with a"+" or a"-." "+"means that when the first 
variable changes, the second one changes in the same direction, i.e. when the first variable 
increases the second variable will also increase. "-" means that the first variables causes a change 
in the opposite direction in the second variable, i.e. if the first variable increase the second 
variable decreases. 
2 The tenn enact is used here in the sense that models need to be made to act usefully in a given context (in this 
context models of team processes need to act in support of team systems engineering). For example computer 
executable models of team processes will be required to simulate process and inter-process behaviours in support of 
analysis during DBOM life phases of teams. Other fonns of computer executable models that can be expected to be 
needed will required to interact with (so as to measure and control aspects of) actual team systems. 
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In Causal loop diagrams, the arrows come together to form feedback loops, and each loop is 
labelled with an "R" or a "B." Each loop contains variable names that represent components of 
the system that change over time, cause-and-effect relationships, and delays (Kim and Anderson, 
1998). 
"R" means reinforcing; i.e., the causal relationships within the loop create exponential growth or 
collapse in time responses .. "B" means balancing; i.e., the causal influences in the loop keep 
things in equilibrium .. According to Kim and Anderson (1998), "B" represents a balancing 
process, which tries to bring and maintain the system's behaviour at a desired state, and act as a 
stabiliser. 
Causal Loops are simple diagrams that are drawn to indicate hypothesized relationships among 
system elements under examination. 
2.4.2.2 !think Simulation Tool 
The strength of !think tool is perceived to lie in its ability to help visualise process behaviour and 
process dependencies in a way that can unify views and concerns of different process owners 
(Chatha et al, 2003). The 'Ithink' software comes in two permutations. The simpler version is 
called 'ithink' Strategy. The more technical version is called 'ithink' Analyst (!think Analyst™ 
Manual, 2002). Within this research 'ithink' analyst will be deployed. This is primarily due the 
additional set of capabilities provided by 'ithink' analyst and illustrated in table 2.5. 
Within 'ithink™ analyst' processes are represented by constructs including stocks, flows, 
decisions and converters (see figure 2.9). The software is based around the visualisation of these 
processes in terms of these basic constructs. These stocks are interconnected by flows, which are 
constrained by equations made up of converters, which in turn can comprise equations of 
variables. 'What-if' analysis can be undertaken by displaying the time variation of variables and 
activities, as inputs are varied, in a number of formats (e.g. graphs, tables or values) (Monfared et 
a!, 2002). 
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What it is ... What it does ... 
Queue and Oven Stock Types Facilitate the modelling of discrete and mixed discrete/continuous processes. Particularly useful 
for modelling simple queuing problems. 
Enhanced Conveyor Stock Type Variable transit time, capacity and inflow limit constraints, and arrest mode facilitate sophisticated 
process modelling. 
Sub-models Facilitate top-down modelling of complex processes. 
Arrays Facilitate management of visual complexity associated with modelling multiple parallel structures. 
Increase the efficiency of modelling such structures. 
Cycle-Time Capabilities Facilitate model-based generation ofmetrics regarding time material spends "in process." Useful 
in process-improvement oriented modelling efforts. 
Table 2.5- Overview of Features and Capabilities Available in Ithink Analyst (Source: Ithink Analyst TM 
Manual, 2002) 
Flow 
D 
Stock: Activity 
Converter: Variable 
ODecision Process 
Figure 2.9- 'lthink' Basic Constructs: Flows, Stocks, Converters and Decision Processes 
2.4.3 Exemplar Delivery Mechanism: the Multi-Process Modelling (MPM) Methodology 
One of the contributions to knowledge expected from this study is to make an advancement 
towards delivering the developed DBOM team systems engineering approach into various 
specific manufacturing enterprises. Here it was envisaged that a suitable set of enterprise 
modelling and dynamic systems modelling techniques could provide an exemplary delivery 
mechanism for this purpose, as potentially it can formally and coherently represent relevant 
aspects of team system engineering within specific application contexts 
One potential candidate delivery mechanism for such a purpose was considered to be the Multi-
Process Modelling (MPM) methodology developed by other researchers at the MSI Research 
Institute at Loughborough. Choice of this candidate delivery mechanism was made at this stage 
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of thesis writing because an overview of its concepts can illustrate how it helps structure the 
application of enterprise modelling and dynamic systems modelling approaches described in the 
previous sections, namely CIMOSA, causal loops and 'ithink'. 
Essentially, MPM lends 'structure' to the use of state-of-the-art enterprise modelling concepts 
and tools where that structure 'organises' (Chatha, 2003): 
• The ongoing capture of a coherent and semantically 'rich picture' of dependent processes in 
such a way that key dependencies can be explicitly represented during process lifetimes; 
• The reuse of multiple coherent views of multiple-process models and their modelled 
dependencies for different enterprise engineering purposes. 
This method design and development focused on an enhanced use of CIMOSA modelling 
concepts (AMICE, 1993), which were found to provide a suitable backbone of representational 
primitives. Table 2.6 provides an overview of the MPM Methodology. 
In the initial stages of MPM modelling, i.e. stage 1 and stage 2, CIMOSA enterprise modelling 
and reference architecture are used primarily because they provide suitable formalisms ( Chatha et 
a!, 2003) to decompose complex systems (of process) into sub-systems (or many largely self-
standing sub-processes) that can be analysed separately. The third stage of MPM method was 
designed and developed to complement the earlier stages of modelling (Chatha et a!, 2003). 
Systems thinking concepts were adopted because they naturally support the process of generating 
clear mental pictures about complex systems (Chatha et al, 2003). They provide means of 
understanding the effect and strength of cause and effect relationships that may not be readily 
apparent (Chatha et a!, 2003). When they were used in combination CIMOSA modelling and 
systems thinking 'qualitative' and 'quantitative' concepts were found to provide effective means 
of developing and reusing computer simulation models that draw from a pool of relevant 
information about dependent processes (Chatha et a!, 2003). 
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at each Main Step of the Modelling Method 
Elicit and record multiple understandings about 
current business processes deployed by the 
engineering partners, with the aim of developing a 
unified set of process representations that 
collectively form a static pool of enterprise 
knowledge that can be reused for various purposes. 
Reuse of elicited data to populate and validate 
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Method & Concepts used to 'Structure' Modelling Activities & 
Multiple Process Representations 
Modelling Techniques & Tools Deployed to Represent & Analyse 
Modelled Entities & their Interrelationships 
A developed approach to documenting alternative views of multiple Various paper based sketches ofCIMOSA conformant 'domain 
business processes; held either within the heads of people responsible processes', 'business processes' and 'enterprise activities' are 
for different process segments or previously recorded in company developed to facilitate knowledge elicitation and multi-process 
documents. Structured interviews {which constitute an integral part documentation, leading to the population of many modelling 
of the approach) are organised with reference to the need to populate templates. 
four kinds ofCIMOSA diagramming template. 
Static views captured and populated in conformance with CIMOSA A structured approach to the use of a combined PowerPoint and 
multiple 'static views' of'as is' business processes diagramming templates needed to encode 'enterprise requirements'. VISIO (general purpose presentation software) was developed to 
that collectively and coherently provide a Thus fragmented process views, at multiple levels of abstraction are facilitate the generation of graphical (non-computer executable) 
'semantically rich picture' of relatively enduring organised into 'context', 'interaction', 'structure' and 'activity' representations of'as is' static model views, based on the semi-
enterprise entities and their interrelationships that modelling templates pertaining to both partnership enterprises and structure use of CIMOSA conformant modelling constructs. Use 
can be reused by different enterprise personnel in individual partner businesses. Individual and collective validity of for this purpose of various specialist commercial tools {such as 
support of their various roles. the views is rechecked with appropriate personnel. FIRST STEP, M02GO and METIS) was considered but not 
adopted. 
Selected aspects of the static representations of 'as Various general CIMOSA modelling concepts {pertaining to At the time of writing more than I 0 modelling studies have, for 
is' processes are receded into computer executable 'derivation', 'generation' and 'instantiation') were used to focus and different purposes, generated alternative dynamic models using 
models with capability to simulate process operation structure dynamic model generation. However use of these concepts the ithink modelling tool [ref], by recoding selected entities and 
and behaviours from some perspective and thereby and associated CIMOSA decomposition principles needed to be entity relationships previously coded by the static base data. This 
provide new in sights into 'as is ' process design, translated into an alternative set of modelling concepts which can be yields computer executable models that via the application of 
process resourcing and process operation. Initial practically implemented using a selected dynamic systems modelling numerical integration techniques simulates and displays 
dynamic model analysis and development is focused tool. metricated dynamic behaviours in various programmable and 
on model validation with subsequent analysis on interactive forms. 
identifying possible constraints arising from 'as is' 
practice. 
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Based on knowledge of'as is' process properties 
(static and dynamic) new business process scenarios 
are developed and are run under simulation. This 
provides metricated analysis of alternative: process 
designs; attributions of resources to process 
elements; and process operations. 
One important potential use of 'as is' and 'to be' 
static and dynamic process models is to manage and 
control work flows. At this stage of the modelling 
method selected model fragments (previously 
captured and validated) are recoded so that they can 
be executed (in a suitable workflow tool). This 
allows computer executable models to be linked to 
the actual process and its resource entities. 
Use ofCIMOSA and causal loop modelling concepts help structure 
'to be' scenario generation. Use ofCIMOSA enterprise activity and 
functional entity concepts help structure process resourcing activity. 
These and new modelling concepts needed to be mapped onto 
modelling concepts and constructs made available by the selected 
dynamic systems modelling tool. 
CIMOSA decomposition principles and particularly its instantiation, 
enterprise activity, functional entity, information object and 
enterprise event modelling concepts are used to partially structure the 
reuse of previously coded process knowledge into receded forms 
(namely control flows and data flows) that need to be enacted by the 
set of modelling constructs provided by the selected workflow tool, 
Table 2.6- Overview of MPM Methodology (Chatha et al, 2003) 
Causal loop diagramming techniques and the ithink systems 
dynamic tool are used to 'visualise' and 'simulate' causal effects 
and the operation of various candidate 'to be' scenarios. This 
enables conceptual thinking and focused simulation of possible 'to 
be' behaviours and metrictated performance measurement made 
relative to 'as is' benchmarks. 
The i-Fiow workflow management tool [ref] was selected to 
operationalise focused workflow aspects of the 'as is' and 'to be' 
process models previously captured, validated and analysed. 
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2.5 Conclusion 
Teams were defined as systems and like most physical systems it was observed that their 
processes could be categorised within life phases. The literature pointed to the existence of four 
inter-related phases of team systems engineering, namely: team system design; team system 
building; team system operation; and team system maintenance. This was termed the DBOM 
team systems engineering life cycle 
Manufacturing enterprises were characterised in terms of enterprise activities, i.e. 'what', how' 
and 'do' activities. Potential roles of team systems within manufacturing enterprises were 
identified as means of resourcing these classes of activities. It was observed that team systems 
operating within specific manufacturing enterprise contexts are complex systems, comprising of 
different resources and performing different classes of activities within time and cost constraints. 
System engineering was identified as one important approach to managing team system 
complexity. Enterprise modelling and dynamic systems modelling were identified as systems 
engineering tools and techniques that can be deployed to effectively 'engineer' team systems. 
State-of-the-art enterprise modelling (EM) was observed to provide means of developing 
systemic views about relatively enduring aspects of MEs. Dynamic systems modelling (DSM) 
techniques were defined as a means of enabling these views to be enacted temporally, e.g. within 
a suitable simulation tool that can underpin aspects of the DBOM life cycle. An exemplar 
methodology (MPM) was described which illustrated a coherent application of EM and DSM 
techniques 
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3 METHODOLOGY 
Surviving in today's highly competitive and ever expanding global economy requires skilful 
management capable of monitoring and controlling highly complex situations and systems 
involving a growing number of interdependent parameters and variables (Delen and Benjamin, 
2003). Such phenomenon has been witnessed in a wide variety of enterprises, organisations, 
institutions and industries ranging from traditional manufacturing to software companies, medical 
facilities to government agencies. The accommodation for continual change within today's 
manufacturing enterprises is vital in order to achieve and maintain a competitive advantage. The 
situation is complex with enterprises under pressure from a number of issues including 
globalisation and associated legislative, cultural, knowledge and skill differences, the need to 
adopt lean manufacturing practices and the necessity for mass customisation of reliable products 
manufactured within appropriate cost, quality and time constraints. 
Vast amounts of techniques and tools have resulted for responding to organisational change and 
implementing business improvement (Harrison and Storey, 1996). The deployment of team-based 
approaches has steadily gained ground because unpredictable forces are dictating a change in the 
way people relate to one another. In fact, teams today are being spoken of as the productivity 
breakthrough of the 1990's (Gustafson and Kleiner, 1994). Where as only twenty years ago teams 
in the business environment were just experimented with a recent study by the American 
Productivity and Quality Centre found that 80% of"Fortune 1000" companies used some form of 
employee involvement programme and 50% of the respondents intended to increase the use of 
work teams (Lee, 1990). Modern management has become increasingly focused around the ideas 
of the team with management consultants proposing organisational restructuring to facilitate 
teamwork; directors making policy statements about the importance of the teams to the 
organisation; and senior managers exhorting their juniors to encourage teamworking in their 
departments (Hayes, 2002). Teams have emerged as important units of process-driven 
organisations today (Hayes, 2002; Leung et a!, 2003). 
Concurrently, there has also been a proliferation of research addressing the difficulties of 
successfully utilising teams. Team experts have advanced a wide spectrum of theories, tools and 
techniques for designing, developing and implementing teams. These researchers have advanced 
and tested novel approaches for team role allocation (Bales, 1950; Bel bin, 1981; Margerison and 
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McCann, 1990; Myers and McCauley, 1992); teamworking development such as the F-S-N-P 
model (Foster, 1993; Hardingham, 1994; Holpp, 1999; Syer and Connolly, 1996; Woodcock, 
1979); team effectiveness (Kur, 1996; Nieva, 1978; Pagell and Le Pine, 2002; Shea and Guzzo, 
1987) and other such theories that enable effective team deployment. 
Despite the existence of a wide variety of these tools and techniques available in academia for 
obtaining maximum benefits from teams, the practical deployment of team-based approaches in 
industrial settings fail to produce the desired results. Therefore the use of teams and team-based 
approaches in industry presents complex problems and require innovative solutions 
3.1 Difficulties with the Deployment of Teams in Industry 
The team is potentially the most flexible and competent tool known to mankind. The most 
common reasons for using teams are to (Francis and Young, 1979): manage complex problems; 
increase flexibility (ability to respond energetically and quickly); motivate employees; enable 
high quality decision-making; and improve productivity. 
This is achieved mainly by tackling problems that impact on team effectiveness and minimise 
possible benefits. Some of the main problems reported in different literature sources are listed 
below (Castka et a!, 2003; Scott and Walker, 1995; Me Donald and Key, 1996; Moxon, 1993; 
Thaimhain and Wilemon, 1987): 
• Task related problems 
i. Unclear task objective 
ii. Uncertain task direction 
• Team related problems 
i. Role conflicts 
ii. Power struggles and disagreements 
iii. Lack of an efficient decision-making process 
iv. Low levels of member participation and contribution 
v. Ineffective Teamworking 
• Performance related problems 
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i. Lack of feedback and recognition 
ii. Poor individual appraisal system 
iii. Lack of team performance measurements 
This list provides an overview of some of the problems commonly encountered in the 
development and implementation of teams and indicates the area in which the greatest emphasis 
has been placed during this research study, i.e. "team-related problems." 
3.2 Research Problem 
Evidently there is a difference between the tools and techniques developed and tested in 
academia for deriving the greatest advantage from teams and those that are understood and 
deployed in industry (see Figure 3.1). It is probable that many of these problems (see section 
1.1.2 and 3.1) arise because of this apparent difference. It is also probable that two key areas in 
which improvements can be made concern: 
• Providing industry with a better, more consistent understanding of team systems 
• Supplying industry with tools to enable successful deployment of team systems 
If these assumptions are indeed true, then significant benefits might be achieved by developing 
systematic methods, concepts and computer tools that in a collective manner can i) formally 
provide coherent and holistic understandings of team systems and ii) support the activities of 
teams within a manufacturing environment as they develop and evolve themselves 
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Figure 3.1-Research Problem 
3.2.1 Research Project Aim and Objectives 
Based on the above understanding, the research study seeks to use systems engineering concepts 
to improve the analytical basis by which team systems are engineered, i.e. the means by which 
they are designed, built, operated and maintained. The aim was to improve the effectiveness of 
manufacturing teams (industry teams) and where possible address certain problems reported in 
the literature. Thus the author seeks to: 
• Provide a better understanding of team systems and factors that impact on team system 
performance 
• Develop formalised representations of team systems and the relationships between team system 
entities 
• Provide tools to enable effective engineering of team systems 
In view of the discussion above, the aim of this research is to apply enterprise modelling (EM) 
and dynamic systems modelling (DSM) concepts to underpin analysis associated with typical 
team systems and thereby understand, represent and monitor certain aspects of team systems 
engineering. Enterprise modelling and dynamic systems modelling approaches will be used to 
develop a consistent and complementary set of models describing various facets of team systems. 
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These models will be demonstrated at different levels of abstraction and completeness and at 
varying degrees of generality with respect to certain aspects of team systems engineering. 
As such the primary objectives of this research include: 
i. Eliciting 'as is' data with respect to team systems engineering. This will include 
documentation of the current operations deployed; assessment of the performance of current 
operations; and systematic and explicit capturing of these 'as is' models of teams 
ii. Using the 'as is' data and models captured to explicitly describe, represent and further 
understand certain aspects of team systems engineering in terms of what operations are 
performed; how these operations are executed and who is responsible for operation execution 
iii. Applying relevant enterprise modelling (EM) and dynamic systems modelling (DSM) 
concepts, approaches and techniques to develop conceptual models of specific aspects of 
team systems 
iv. Test and validate the conceptual models developed using i) case study research; ii) 
observation of project teams; iii) observation of industry teams; and iv) questionnaires and 
interviews with industry teams 
v. Use the findings of the case study research to create enhanced models of team systems 
engineering. 
In order to successfully realise objective (iii) this study deploys a Multi-Process Modelling 
(MPM) methodology developed by researchers of the MSI Research Institute at Loughborough 
University. This method (described in Chapter 2) provides a capability of documenting, 
communicating and analysing various aspects of multiple threads of activities (Chatha et a!, 
2003). Basically, this methodology provides 'structure' for the deployment of state-of-the-art EM 
and DSM approaches. That 'structure' organises (Chatha et al, 2003): 
• The ongoing capture of coherent and semantically 'rich picture' of dependent processes in such 
a way that key dependencies can be explicitly represented during the process lifetimes; 
• The reuse of multiple coherent views of multiple process models and their modelled 
dependencies for different enterprise engineering purposes 
The rationale for this decision is summarised below: 
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• The MPM methodology has been used successfully in other projects carried out in the MSI 
Research Institute. This has provided valuable relevant experiences by the researchers in the 
institute and it was realised that this would provide help throughout this research. 
• MPM has been developed, tested and refined during a number of follow-up research studies. 
3.3 Research Approach 
There are two possible general approaches recommended when designing a research project, 
namely: deductive and inductive. The former approach allows the researcher to develop a theory 
and hypothesis (or hypotheses) and design a research strategy to test the hypothesis; while the 
latter approach allows the researcher to collect data and develop theory as a result of data analysis 
(Saunders et a!, 2003). Table 3.1 identifies some major differences between deductive and 
inductive approaches to research. 
DEDUCTION EMPHASISES INDUCTION EMPHASISES 
Scientific principles Gaining an understanding of the meanings humans attach to events 
Moving from theory to data A close understanding of the research contex:t 
The need to ex:plain causal relationships between variable The collection of qualitative data 
The collection of quantitative data A more flex:ible structure to pennit changes of research emphasis as the 
The application of controls to ensure validity of data research progresses 
The operationalisation of concepts to ensure clarity of definition A realisation that the researcher is part of the research process 
A highly structured approach Less concern with the need to generalise 
Researcher independence of what is being researched 
The necessity to select samples of sufficient size in order to generalise 
conclusions 
Table 3.1-Major differences between deductive and inductive approaches to research (Saunders et al2003) 
Creswell (1994) suggest a number of practical criteria for selecting a research approach. Perhaps 
the most important of these is the nature of the topic. A topic on which there is a wealth of 
literature from which the researcher can define a theoretical framework and a hypothesis lends 
itself more readily to the deductive approach. On the other hand, if research is in a topic in which 
there is little existing literature it may be more appropriate to generate data and analyse and 
reflect on the theoretical themes that the data are suggesting. This lends itself to the inductive 
approach. 
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3.3.1 Deductive Research Approach 
The research approach adopted in this thesis was chosen bearing in mind that desire to: 
• Aggregate team systems knowledge 
• Explicitly define and encode the nature and degree of the causal relationships between the key 
variables of team systems and team system effectiveness 
• Develop team systems models that will visually represent and encode team system processes 
and behaviours and 
•Test, refine and deploy these models to enable effective engineering of team systems within 
manufacturing organisations 
As such a deductive approach was deployed. Robson (1993) and Saunders et al (2000) lists five 
sequential stages through which deductive research will progress, namely: 
i. Collecting data and deducing a hypothesis to explain the causal relationships between 
variables ( a testable proposition about the relationship between two or more events or 
concepts) from the theory 
ii. Expressing the hypothesis in operational terms (i.e. indicating exactly how the variable are to 
be measured) which propose a relationship between two specific variables 
iii. Testing this operational hypothesis (that will involve an experiment or some other form of 
empirical inquiry) 
iv. Examining the specific outcome of the inquiry (it will either tend to confirm the theory or 
indicate the need for its modification) 
v. If necessary modify the theory in light of the findings 
An attempt is then made to verify the revised theory by going back to the first step and repeating 
the whole cycle. 
The five sequential stages listed above can be used to describe the proposed study. Table 3.2 lists 
the five research objectives described in section 3.2.1 and identifies the eo-relation between these 
objectives and the stages of deductive research identified by Robson (1993) and Saunders et al 
(2000). 
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PROJECT OBJECTIVE STAGES OF DEDUCTIVE RESEARCH RESEARCH STRATEGY 
DEPLOYED 
Eliciting 'as is' data with respect to team system Collecting data and deducing a hypothesis to explain the Exploratory 
development. This will include documentation of causal relationships between variables ( a testable Descriptive 
the current operations deployed; assessment of the proposition about the relationship between two or more 
performance of current operations; and systematic events or concepts) from the theory 
and explicit capturing of these •as is' models of Expressing the hypothesis in operational terms (i.e. 
teams indicating exactly how the variable are to be measured) 
Using the 'as is' data and models captured to which propose a relationship between two specific Descriptive 
explicitly describe, represent and further variables Explanatory 
understand certain aspects of team system 
development in terms of what operations are 
performed; how these operations are executed and 
who is responsible for operation execution 
Applying relevant enterprise modelling concepts, Expressing the hypothesis in operational terms (i.e. 
approaches and processes to develop conceptual indicating exactly how the variable are to be measured) 
models of certain entities of team systems which propose a relationship between two specific 
variables 
Test and validate the conceptual models developed Testing this operational hypothesis (that will involve an Case Study 
using i) case study research~ ii) direct observation experiment or some other form of empirical inquiry) 
of project teams; iii)direct observation of industry Examining the specific outcome of the inquiry (it will 
teams; and iv) questionnaires with industry teams either tend to confirm the theory or indicate the need for 
its modification) 
Use the findings of the case study research to If necessary modifY the theory in light of the findings Explanatory 
create enhanced models of team system 
development. 
Table 3.2- Project Objectives, Research Approach and Research Strategy 
3.3.2 Assumptions 
Having decided to implement a deductive approach to this research it is therefore be necessary to: 
• Operationalise the research: so as to enable facts to be measured quantitatively, for example the 
stages and stage transitions of task realisation and teamworking development must be clearly 
defined to identify the requirements of each stage and stage transition 
• Pursue a principle of maintaining scientific rigor, which dictates that the researcher should be 
independent of what is being observed. For the case research conducted within the study, the 
researcher will seek to be an objective and independent observer, carefully and methodically 
recording data. 
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3.4 Research Strategies 
The research strategy maps out the general plan for the research work. Saunders et a! (2003) 
proposes a research strategy should include: clear objectives derived from the research question; 
data collection sources and constraints; and justification for choice of strategy based on research 
questions, objectives or constraints. The literature identifies various research strategies that can 
be deployed, such as: i) experiment; ii) survey; iii) grounded theory; iv) ethnography; v) action 
research; vi) cross-sectional and longitudinal studies; and vii) exploratory, descriptive and 
explanatory studies. Table 3.2 illustrates the four main research strategies that will be deployed 
within this research. These have been described in the following sections and are as follows: 
• Exploratory research 
• Descriptive research 
• Case study research 
• Explanatory research 
3.4.1 Exploratory Research 
Exploratory studies are a means of finding out 'what is happening; to seek new insights; to ask 
questions and to assess phenomena in a new light (Robson, 1993). It is particularly useful as the 
initial form of examination conducted to clarify and define the nature of the research problem 
(Saunders et a!, 2003). The main purpose is to obtain a better understanding of the dimensions of 
the problem through exploration (Sekaran, 2003). There are three principal ways of conducting 
exploratory research: i) a literature search; ii) talking to experts of the subject; and iii) conducting 
focus group interviews. This type of strategy gives the largest degree of flexibility and can be 
used in cases when the initial focus of the research is broad. 
In the initial phase of this research, it was decided that an exploratory strategy would be used to 
collects data pertaining to: 
• Enterprise modelling and enterprise modelling approaches and dynamic systems modelling tools 
and techniques 
• Teams and team systems, team system life cycles, team building, teamworking, team system 
models, team systems engineering, team system performance, team system effectiveness 
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In both of these cases, it was envisaged that conducting an extensive review of the literature 
would constitute the principal means of performing the research and ultimately result in the 
narrowing of the research focus. 
3.4.2 Descriptive Research 
The object of descriptive research is to 'portray an accurate profile of persons, events or 
situations' (Robson, 1993) and can be a predecessor to an exploratory research. The purpose of 
descriptive research is to 'describe the characteristics of a popular phenomenon' (Zikmund, 
2000). Unlike exploratory research, descriptive studies are based on some previous understanding 
of the nature of the research problem area (Robson, 1993). A descriptive study is undertaken in 
order to ascertain and be able to describe the characteristics of variables of interest in a situation 
(Sekaran, 2003). 
Descriptive research was conducted to find out more about team systems engineering; to define 
team system processes, process behaviours and process dependencies; and to identifY the key 
team system variables and their impact on team system performance. 
3.4.3 Explanatory Research 
The study of causal relationships between variables may be termed explanatory studies, where 
the emphasis is on studying a situation or a problem in order to explain the relationships between 
variables (Saunders et al2003). 
It was anticipated that the explanatory research strategy would be used in conjunction with the 
descriptive strategy. The descriptive research would be used to describe the key variables of the 
team system and the explanatory research would examine and analyse this data and define and 
describe their 'cause and effect' relationships 
3.4.4 Case Study Strategy 
Robson (1993) defines case study as an empirical investigation of a particular contemporary 
phenomenon within its real life context using multiple sources of evidence. Yin (1984) defines a 
case study as "an empirical investigation into contemporary phenomenon operating in a real-life 
context". This approach to research is known to be valuable where the kind of experimental 
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controls that can be present in a laboratory are not feasible or ethically justifiable (Yin, 1984; 
Miles and Huberman, 1984). 
The case study research strategy would be used in this research to further team systems 
knowledge with respect to team system processes and processes behaviours, i.e. the activities and 
behaviours that transform a group of individual into an effective functioning unit. 
3.5 Data Collection Techniques 
There are two major approaches to gathering information about a situation, person, problem or 
phenomenon. These can be described as: i) secondary sources and ii) primary sources (Kumar, 
1996). Figure 3.2 identified these two sources of data collection along with various methods of 
data collection. 
Seconpary Sources . 
·. '>v 
Documentation 
Earlier Research 
Personal Records 
Participant 
Non-Participant 
Figure 3.2- Methods of Data Collection (Kumar, 1996) 
P~!llary Sources 
Structured Mailed 
Un-structured Collective 
It was envisaged that of these various data collection methods (see figure 3.2), the following 
would be deployed within this research: 
• Documentation 
• Observation 
• Questionnaires 
The subsequent sections describe each of these data collection techniques. 
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3.5.1 Documentation 
Data from secondary sources may be grouped into the following categories (Kumar, 1996): i) 
government publications; ii) earlier research; iii) personal records; and iv) mass media. 
Documentation would be collected from literature sources, interne! sources, and conference 
publications and journal articles 
3.5.2 Observation 
Observation is one way to collect primary data. Observation is a purposeful, systematic and 
selective way of watching and listening to an interaction or a phenomenon as it takes place 
(Kumar, 1996) 
Non-participant observation is when the researcher does not get involved in the activities of the 
group under analysis but remains a passive observer, watching and listening to its activities and 
drawing conclusions from this (Sekaran, 2003). In this research, non-participant observation 
would be used to examine the behaviours exhibited and the activities performed as the case study 
team systems are transformed from groups of individuals into effective functioning units. 
3.5.3 Questionnaire 
A questionnaire is a written list of questions, the answers to which are recorded by respondents. 
In a questionnaire the respondents read the questions, interpret what is expected and then write 
down the answers (Kumar, 1996; Melville and Goddard, 1997). 
Questionnaires have certain advantages as a means of collecting data: they allow a large amount 
of data to be collected in an economical way; they standardise data and enable comparison; they 
also facilitate easy control of the research process. However, questionnaires also have certain 
disadvantages such as much time is spent on designing and piloting the questionnaire; analysis of 
the received data is lengthy; and questionnaire designers need to be careful about the correct 
design and administration of the questionnaire. 
In this research two questionnaires would be used as self-assessment tools in order to collect data 
about specific aspects of team systems. 
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3.6 Credibility of Research 
Underpinning the above discussion on research strategy has been the issue of credibility of 
research findings. This issue is aptly summarised by Raimond (1993), 'scientific methodology 
needs to be seen for what it truly is, a way of preventing the researcher from deceiving himself or 
herself in regard to his/her creativity and forming subjective hunches developed out of the 
relationship between the researcher and his/her material'. 
Increasing the degree of research credibility means that attention has to be paid to two particular 
emphases on research design: reliability and validity (Saunders et a!, 2003). These two criterion 
for research credibility are briefly discussed below. More details with regards to the reliability 
and validity of the case study research performed are presented in later chapters (see Sections 
7.2.4). 
3. 6.1 Reliability 
Reliability can be defined as the extent to which two independent observers might produce a 
consistent analysis of a particular aspect of the same situation (Yin, 1984). It can be assessed by 
posing the following three questions (Easterby-Smith et a!, 2002): 
• Will these measures yield the same results on other occasions? 
• Will other observers reach similar observations? 
• Is there transparency in how sense was made from raw data? 
3.6.2 Validity 
Validity is concerned with whether the findings are about what they appear to be about (Saunders 
et a!, 2003). It is the extent to which a test or a questionnaire is really measuring what the 
research intends to measure (Yin, 1984). There are two main types of validity: internal and 
external. External validity refers to the extent to which the research results can be generalised to 
other people, events or setting, while internal validity refers to the extent of confidence in the 
causal relationships identified by the study. 
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3. 7 Thesis Structure 
The structure of this thesis and the focus of each chapter are represented diagrammatically by 
Table 3.3 
PROJECT OBJECTIVE THESIS STRUCTURE RESEARCH STRATEGY DEPLOYED 
Eliciting 'as is' data with respect to team system Chapter 4~ Team System Design Exploratory Research (less rigorous): examine 
development. This will include documentation of the ChapterS~ Team System necessary concepts; decide and build upon the 
current operations deployed; assessment of the Building concepts that support team systems 
performance of current operations; and systematic and engineering; test and explore how these 
explicit capturing of these 'as is' models of teams concepts can be applied; determine bow these 
concepts relate to each other 
Using the 'as is' data and models captured to explicitly Chapter 6~ Team System Descriptive and Explanatory Research (more 
describe, represent and further understand certain aspects Operation rigorous): develop a working understanding of 
of team system development in terms of what operations necessary team systems engineering concepts; 
are performed; how these operations are executed and identify what needs to be modelled; how to 
who is responsible for operation execution model; who to model; decide on content of 
model 
Applying relevant enterprise modelling and dynamic Chapter g. An Enterprise Apply the MPM methodology (see 
systems modelling concepts, approaches and processes Modelling Approach to Team section3.2.1) 
to develop conceptual models of certain entities of team Systems Engineering 
systems Chapter 9~ An Dynamic Systems 
Modelling Approach to Team 
Systems Engineering 
Chapter I 0- An Dynamic 
Systems Modelling Approach to 
Team Systems Monitoring 
Test and validate the conceptual models developed using Chapter 7- Case Study Work: Case Study 
i) case study research; ii) direct observation of project Team System Operation 
teams; iii)direct observation of industry teams; and iv) Chapter 10- An Dynamic 
questionnaires and interviews with industry teams Systems Modelling Approach to 
Team Systems Monitoring 
Use the findings of the case study research to create Chapter 11- Conclusion Discussion of team system models developed 
enhanced models of team system development. and model application; contributions of work; 
and areas for future research 
Table 3.3- Thesis Structure 
Earlier in this chapter three research goals were identified, namely: i) provide better 
understandings of team systems and factors that impact team system performance; ii) develop 
formal representations of team systems; and iii) provide tools and techniques that enable the 
effective engineering of team systems. As such the thesis structure is as follows: 
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• Chapter 4, 5 and 6 seek to describe team system processes and the main activities that 
characterise team systems 
• Chapter 7 describes and analyses the results of a case study performed to develop a working 
understanding of team systems behaviours, processes and activities from project conception to 
completion 
•Chapter 8, 9, and 10 use enterprise modelling and dynamic systems modelling tools and 
techniques to document and enact specific aspects of team systems knowledge 
3.8 Conclusions 
Some of the problems regarding the development and implementation of team systems have been 
discussed along with possible solutions to those problems. The aims and objectives of this 
research have also been considered. 
The major conceptual concern of this research is finding ways to bridge the gap between the team 
system theories, tool and concepts developed and tested in academic settings and those 
understood and deployed within manufacturing environments. 
A deductive strategy will be deployed within this research. The research work performed will be 
based on four research strategies, i.e. exploratory; descriptive; case study; and explanatory, which 
necessitate the use of three data collection tools. These data collection tools include 
questionnaires, documentation and observation. 
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4 TEAM SYSTEM DESIGN 
This research seeks to bridge the gap between team system concepts, tools and techniques 
developed and tested in academia and those that are understood and deployed within a 
manufacturing environment. 
The research goals were described in section 3.2. I and focused on three areas of concern namely: 
i) providing a better understandings of team system functioning, ii) developing formalised 
representations of team systems; and iii) providing tools that eliminate some of the challenges of 
team system deployment. 
This chapter focuses on the first research goal (i) and aims to provide an improved understanding 
of team systems. Team systems are characterised by phases and processes that can be described 
in life cycle terms. In Chapter 2, team system activities were categorised into four life phases, 
namely: team system design, team system build, team system operate and team system maintain. 
These four phases envelop the team system activities that range from activities concerned with 
initiation of the team through to completion of the task assigned to the team and possibly through 
to the dissolution of the team. In this thesis these four phases are referred to as the team systems 
engineering life cycle (DBOM). Therefore one key study aim in relation to facilitating an 
improved comprehension of team systems is to describe activities and processes associated with 
each DBOM life phase. 
This chapter focuses on the first life cycle phase, namely team system design. It aims to i) define 
team system design; ii) describe the main activities that characterise team system design; iii) 
review existing approaches to team system design; iv) identity the limitations of these approaches 
and v) propose a new framework for team system design. 
4.1 Definition of Team System Design 
Team system design has been defined as a top-down approach to designing teams in the light of 
implementing business strategies (Prasad and Akbilesh, 2002). Teams, according to Prasad and 
Akbilesh (2002), are designed to achieve stated objectives and their structures and context have 
to support these, which maximises the fit between team design and their known intent. Nieva et a! 
(1978) advance a conceptual model of team performance (see figure 4.1), which supports the 
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views of Prasad and Akhilesh (2002). This conceptual model identifies team design (team 
characteristics) as an element that helps maximise team system performance. 
,.-.! 
External conditions imposed on 
the team 
4 
ANTECEDENT 
CONDITIONS 
i) Member Resources 
ii) Team Characteristics 
iii)Task Characteristics and 
Demands 
Figure 4.1- A Conceptual Model of Team Performance (Source: Nieva, 1978) 
TEAM PERFORMANCE 
Individual Task Performance 
~ , . Team Performance 
Functions 
This model suggests that team performance is influenced by three main elements which are i) 
member resources; ii) team characteristics; and iii) task characteristics and demands. It posits that 
team characteristics (team design) are determined by the members' resources as well as tasks 
characteristics and demands. Thus team system design may be defined as the process of 
deploying the task definition and requirements in conjunction with the members' resources to 
identify team characteristics that will facilitate top individual task performance and team 
performance. 
Stickley (1993) suggests that there is no proven way of designing an effective team. As such, in 
this chapter the author advances and demonstrates one possible approach to team system design. 
Initially different types of teams are identified and described with a view to developing a standard 
language for differentiating among and classifying various team types. Secondly existing 
approaches to team type classification based on desired team characteristics are discussed and the 
limitation of each approach is examined. Finally a new approach to classifying team types based 
on their characteristics is described. This innovative approach forms the foundation of the team 
system design framework proposed at the end of this chapter. 
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4.2 Evaluation of Existing Literature on Team Types 
One marked observation made during this literature review was that there are many types of 
teams and methods of team type classification. There seems to be no standard by which teams are 
described, defined, or named. Each text examined, discussed varying types of teams and 
suggested a detailed description of distinguishable characteristics for each team type. Teams were 
typically assigned a generic name by the author. Often teams with different names had similar 
characteristics. 
An example of this Jack of regulation with respect to teams is illustrated in figure 4.2. This figure 
lists some of the team types that were encountered during the literature review, which included 
the use of web sites, articles, journals, and textbooks. The types of teams appeared endless but 
detailed descriptions of teams showed less variation. 
STEERING TEAMS 
PLANNING TEAMS 
PROCESS IMPROVEMENT TEAMS 
SELF-MANAGED TEAMS 
MULTI-DISCIPLINARY TEAMS 
INTERDISCIPLINARY TEAMS 
INTACT TEAMS 
CROSS-FUNCTIONAL TEAMS 
TIGER TEAMS 
LAUNCH TEAMS 
WORK TEAMS 
PROJECT TEAMS 
FOCUS TEAMS 
TASK FORCE 
NATURAL GROUPS 
FUNCTIONAL TEAMS 
Figure 4.2- Types of Teams (Literature Survey) 
4.2.1 Team Type Descriptions 
VIRTUAL TEAMS 
TOP-MANAGEMENT TEAMS 
MID-MANAGEMENT TEAMS 
AD HOC TEAMS 
WORK GROUPS 
QUALITY CIRCLES 
CO.ORDINA TION TEAMS 
THINK TANK TEAMS 
In an attempt to record and standardise the many team types encountered during the literature 
search, Table 4.1 was developed. This table is drawn from an analysis of the information 
available about the different team types and endeavours to develop common terminology to 
describe each type of team. This terminology is potentially important because it can provide the 
basis of a "standard language" for teams, whereas the original descriptions used "terms" and 
"language" that varied from source to source. 
Each team type identified from the literature search was examined with respect to ten criterion, 
namely: 
•Team type- name of the team as found in the literature 
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• Team purpose- the main aim of the team within the organisation whether it primarily was to 
design, coordinate, plan, manufacture, trouble-shoot and so on 
• Team make-up- whether the team was cross-function or comprised of individuals with similar 
skills 
• Information flow- documented the methods of information exchange within the team and 
between the team and the rest of the organisation 
•Team focus- decomposes the team's aim into objectives which describe the team purpose in 
greater detail 
• Behaviour- documents any special interactions that need to occur within this type of team during 
teamworking sessions 
• Leadership- describes whether this team type has a permanent leader, whether the leader's role 
is interchangeable depending on the task or if the team does not need a leader to function 
• Degree of autonomy- describes the degree of freedom the team has to make its own decisions 
• Membership span- permanent or temporary 
• Limitation- disadvantages of using this team type 
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Team Type Main Purpose Team [nfonnation Flow Behaviour Leadership Degree of Membership Time Span Team 
Make-up Autonomy Limitations 
Top Serve as a major link Fairly broad Regular meetings Member's behaviour is of Heterogeneous team make- Teams have a Mostly pennanent Cannot deal 
Management between the organisation membership of to raise issues and vital consideration. This team up, a diverse group of leader or chainnan membership but they may well with 
Teams and the outside world. It top level maintain type requires varied senior managers that who chairs the have temporary members ambiguity and 
( Francis et al accounts for the management awareness through membership and members perceive the world meeting and acts from within the novelty. Needs 
1979; Scott et environmental (political and representing dissemination of that are lateral thinking differently yet able to as the balance and organisation or external to other sub-teams 
al1995) market) factors in making various aspects of infonnation participate in a process that ensures that each the finn who are attached to operate 
important decisions. the organisation. transcends different views. area is equally to the team and add their effectively, 
Consensus among leaders considered, expertise from time to isolated. 
time. 
Mid- Develops clear objectives Usually involves Regular meetings Members must co-operate and Hierarchical, these teams Supported by top Fairly stable in tenns of Teams consist 
Management and controls and eo- a manager or to exchange. work together to achieve usually have an identified management membership and may of people that 
Teams ordinates work throughout supervisor and Visual displays goals. Close-knit groups, leader who supports the teams and must be include a member from the may have 
( Francis et al the organisation, providing those who report with targets. comfortable to work together team and represents the provided with the top management team worked together 
1979; Scott et the day-to-day leadership. to him or her, Access to intranet. and familiar with eo-worker's team at an organisational flexibility to work for some time 
al1995) although this skills level. towards their without any 
pers:on is not goals. gratification 
necessarily the 
team leader 
Project Teams Responsible for planning Comprises of Meeting Requires co-cperative May or may not have a Team has Usually temporary groups lndividual 
(Francis et al and implementation. They people with the predominant fonn structure characterised by designated leader and can authority to make used for a limited period to accountability 
1979; Scott et enable the organisation to range of skills of communication. positive interdependence, enlist the involvement of decisions. either solve specific may be missing 
ali995) respond to problems and necessary for the Documentation face-face promotion senior management when problems or develop new since most 
issues with a group task. must be interaction, individual needed. These are products. Duration must be decisions 
approach without creating minimised. accountability, social skills essentially horizontal limited (six months) require the input 
permanent structures. development, group teams, flat structures. of several 
processing people. 
Think-tank Groups which act as Full time or part time 
Teams catalyst of decision-making (temporary or pennanent) 
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Team Type Main Purpose Team Information Flow Behaviour Leadership Degree of Autonomy Membership Time Team 
Make-up Span Limitations 
Collegial A friendship group Comprise of two Emphasis is on Maybe temporary 
Support Groups fonnally evolved to serve to five employees collaboration. co- or pennanent 
(Not the primary purpose of operation and 
organisationally meeting its member's interdependence 
determined) needs for security. esteem 
and belonging. 
Ad Hoc Improve work processes. Ideal size for this Meetings are the Collaborative, decision This type of team can be of Generally report to a Maybe temporary Less equipped 
Decision introduce new technology, type of group is main means of making and problem two types: larger group. The larger or permanent to handle 
Making Groups meet with suppliers and three. These teams communication solving Flexible for solutions to group may not participate complex 
(Scott et al customers and to link comprise highly and information organic problems or tasks in the managing of the problems. 
1995) different areas of work professional and flow. Functional for mechanistic group Limited 
skilled members tasks resources 
Working Provide ideas for the Usually involves a Regular meetings Team creativity Team leader's role is to Enjoys a certain degree of Fairly stable in Consist of 
groups process supervisor and held to discuss facilitate rather than direct. autonomy. terms of people that have 
(Francis et al those who report ways in which The supervisor of the membership and worked together 
1979; Foster to him. improvements group is not necessarily the may include a for some time 
1996, might take place leader member from the and may not be 
Woodcock top management gratifying 
1995) team. 
Multi-cultural Heterogeneous Open-minded, patience, 
Teams team composition tolerance of differences 
Quality Circle A group of workers who A team of Recommendations Team productivity and Workers evaluate ideas, These teams do not have Fairly stable in Adequate 
(Self-directed meet on a regular basis employees with are generally morale are of prime suggestions and solutions the power to simply make terms of training is 
teams without with supervisors to discuss their supervisor, forwarded to importance. Team but these ideas are not decisions and implement membership and necessary. The 
autonomy) problems and recommend e.g. Shop-floor higher-level teams members need to be directly implemented but them. They are advisory may include a bureaucratic red 
(Foster 1996, solutions employees with for further able to analyse data. rather are evaluated by in nature and do not member from the tape before a 
Woodcock their supervisor discussion and brainstonn, and their supervisors manage their own affairs top management suggestion is 
1995) resultant actions critically evaluate team. implemented. 
are implemented options 
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Table 4.1- Team Type Descriptions using Ten Criterion 
Team Type Main Purpose Team Information Flow Behaviour Leadership Degree of Membership Time Span Team 
Make-up Autonomy Limitations 
Self-Managing Responsible for a clearly A group of Meets regularly, Employee empowerment, Often referred to as 'Boss- Mature teams are Generally permanent This involves a 
Teams defined area of work, employees once a week or employee ideas are respected less Teams,' also called afforded extended structures composed of major cultural 
(Caracciolo actively involved and (anywhere from S everyday, to and are appreciated and Project Teams, problem- responsibility for full-time workers. shift within the 
2000; Harper responsible for the whole -IS on the identify, analyse rewarded even if they are not solving teams or policy aspects of the job organisation 
1989; Hayes product or process: average) who are and solve accepted, ttust and mutual making teams. Leadership that affect them. necessitating 
2002) planning, performing, responsible for a problems, set respect are also important. roles come from within the These teams have changes in 
implementing and eo- whole product or goals, give Training in team working, team and falls into four the autonomy and attitudes and 
ordinating improvements process. Members performance trust, candour and caring main clusters: envisioning, authority to get the behaviours, 
multi-skilled. feedback, hire, organising, spanning and job done. structures and 
fire, etc. social. processes. 
Co-ordination Normally Part-time group Comprises of Meetings as well Characterised by eo- There are two types of Must report to a Maybe temporary or Inter-
Teams which manages interfaces members of the as the use operation, teamwork, leadership: Long term- higher permanent depending on departmental 
(Foster 1996, and co-ordinate complex top management technology and information sharing, working structured with the same management team the task competition 
Woodcock tasks team, middle software via the together team leader regardless of within the team 
1995) management internet is use to the task; Short term-
team and transfer leaders changed to ensure 
supervisor information that their skills suit the task 
Functional Achievement of a specific Members have Regular meetings Members know each other Hierarchical, these teams Supported by top Permanent, long term Team may 
Teams (MM) objective, e.g. a book the same skills to exchange and are familiar with each usually have an identified management membership become stagnant 
(Caracciolo, productions team specialisation information. other's styles and ways of leader who supports the teams and must be because 
2000) Visual displays working team and represents the provided with the members have 
with targets. team at an organisational flexibility to work worked together 
Access to intranet. level. towards their for a long time. 
goals. 
Cross- The process as a whole, a Comprises of a Regular meetings Members must co-operate and Hierarchical, these teams Supported by top Fairly stable in terms of 
functional broad view of the business group of people to exchange work to-gether to achieve usually have an identified management membership and may 
Teams (TM) from various infonnation. goals. Close-knit groups, leader who supports the teams and should include a member from the 
(Caracciolo, departments with Visual displays comfortable to work together team and represents the have autonomy to top management team 
2000) different with targets. and familiar with eo-worker's team at an organisational work towards their 
functional roles Access to intranet. skills level. goals. 
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Within Table 4.1 there are two team types that will not be further analysed and classified, 
because: 
• Collegial Support Group- this team is not a task group, i.e., it is a friendship group. A friendship 
group is evolved to meet its member's personal needs of security, esteem and belonging. A task 
group, on the other hand, is formed by management and provided with an objective and a 
requirement to accomplish specific goals within the organisation. Later aspects of this study will 
only consider task groups. 
• Multi-cultural Teams- this team comprises people from various cultures. The members of a team 
are selected based on their knowledge, capabilities, capacities and behavioural qualities. These 
individuals may come from different cultural backgrounds. Here, it is assumed that each of the 
other team types can operate as a multicultural team depending on the skills required for the 
operation and that this team type did not have any other distinguishable features that could be 
considered. 
4.2.2 Evaluation of Team Type Description 
Properties of team types are summarised in Table 4.1. In Table 4.2 the author sought to review 
the descriptions noted in table 4.1, determine which team type descriptions were similar (different 
team names but similar description) and group these team types using one generic name. The first 
column of table 4.2 identifies the generic names given to the main team types encountered. The 
second column provided a description of each team type and finally column 3 identified other 
team types, which had different names but similar characteristics to the team type mentioned in 
column I. 
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Team Name Team Description and Purpose Other Names 
Top Management Fairly broad membership of top-level management representing various aspects of the organisation. Planning 
Teams Sets the key direction of the organisation and develops overall strategy; develops organisational Teams, Steering 
strategy, missions, goals, objectives; prepares organisational plans based on the external and internal Teams 
environment of the organisation. 
Mid-Management Usually involves a manager or supervisor and those who report to him or her, although this person is Planning Teams 
Teams not necessarily the team leader. Co-ordination of sub-tasks under the guidance of the senior 
management. Their role is management. Groups of management responsible for a distinct technology 
or work area. Develops clear objectives and controls and co-ordinates work throughout the 
organisation, providing needed day-to-day leadership 
Project Teams Comprises of people with the range of skills necessary for the task. Responsible for planning and Tiger Teams 
implementation. They enable the organisation to respond to problems and issues with a group 
approach without creating pennanent structures. Convened to achieve a particular task, usually short 
term and then disbanded 
Ad Hoc Teams Ideal size for this type of group is given as three. These teams comprise of highly professional and Steering Teams 
skilled members. A special purpose team or small decision-making group can be formed as part of a 
larger decision making body. Where meetings have become unwieldy triads can form to enable more 
members to have input and the findings of the discussions are fed back to the main forum 
Working Groups Usually involves a manager or supervisor and those who report to him or her, although this person is Process 
not necessarily the team leader. Extends the scope of participation amongst work group members, Improvement 
using creative ideas and suggestions that members can offer Teams 
Quality Circle A team of employees with their supervisor, e.g. shop-floor employees with their supervisor. Process Process 
view or product view, the team examines the process with which they are involved, recommends Improvement 
solutions and highlights problems. Generally such a team will have a fairly narrow view of their Teams 
organisation 
Self- Managing The work of self-managed teams has clearly defined inputs and outputs, and clearly defined customers 
Teams either internal or external. The team plans the work, performs it, and manages many of the things 
supervision and management used to do. Responsible for a clearly defined area of work, responsible 
for the whole product or process: planning, performing, implementing and co-ordinating 
improvements 
Co-ordination Comprises members of the top management team and middle management team and supervisor. Part-
Teams time group, which manages interfaces and co-ordinate complex tasks, and associated work eo-
ordination and information sharing. Generally such a team will have a broad view of an organisation 
Think Tank Groups that act as a catalyst or supporters of decision making Steering Teams 
Teams 
Functional Teams Members have the same skill specialisation. Task specific view. Focuses on the operation or process Natural Groups 
that they deal with daily. Achievement of a specifi-c objective, e.g. a book productions team 
Cross Functional Comprises of a group of people from various divisions and departments with different functional roles. Multi-
Teams A broad view is taken, possibly linked to a process view or product view. disciplinary 
Table 4.2- Identification of Generic Team Types and Their Descriptions 
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4.3 Examination of Existing Team Type Classification Concepts 
Because of the large number of published team types, several questions arise: 
• Do some of these teams perform similar functions? If so then can the quality of team 
classification and hence team system design be improved by grouping teams that perform 
similar functions? Can these teams be classified into a widely usable reference form? 
• What type of classification can be used and in what circumstances will different classification 
approaches prove useful? In this respect it was understood that any classification approach 
selected and defined should not be vague and particularly should assist in team type selection 
for different tasks. 
• Can one method be used to standardise the ways that teams are classified? 
Evidently there are a variety of ways in which team classification can be made and as such there 
are many different possible classifications of teams. Some of the key approaches to team 
classification observed and preferred by the author have been listed below. 
4.3.1 Team Classification by Purpose (Adair, 1986) 
Teams can be formed based on the function they perform. Indeed based on their function teams 
can be classified into three categories, namely: i) teams that recommend things, e.g. tasks groups, 
project groups, to study and solve particular problems; ii) teams that make or do things, e.g. basic 
manufacturing and operations, responsible for value-adding activities of a business; and iii)teams 
that run things, such as a top-management teams 
4.3.2 Team Classification by Cranjield University (Thorne et al1998; 
www.cranjield.ac.uk/coa/macrolmacro-1.htm) 
The team classification approach developed at Cranfield University was the result of research 
(MACRO Project) that focused on the need of the aerospace industry for improved methods and 
tools to manage multidisciplinary, multi-company design projects. The research aimed to design 
processes and a supporting tool-base which can deliver the benefits of eo-location without 
actually physically locating the staff together. 
MACRO project achieved this breakthrough by refining the design of process and organisation. 
Within this new organisational design there were four types of teams. A small multi-disciplinary 
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Core Team. Supporting the Core Team are specialised Task Teams, each representing a key 
discipline, sub-system or component. Each Task Team has responsibility for delivering the 
demanded capability to the Core Team. The Task teams themselves are somewhat hierarchical 
with each Task Team supported by Sub-teams, which are responsible for sub-systems until a 
service provided by a single company is reached and more typical design techniques and tools 
can be employed This entire structure of teams was supervised and their activities were co-
ordinated by a management team. Thus, this model advanced four classes of teams, namely: 
management, core, tasks and sub-teams. 
4.3.3 Team Classification by Position in Organisation (Scott et a/, 1995) 
Scott et a! (1995) classified teams based on the position of its members within the organisation. 
The four classifications of team types identified by Scott et a! (1995) are: i) top management 
teams; ii) mid-management teams; iii) project teams; and iv) work groups. 
4.3.4 Decision Teams or Task Teams (Dyer 1994) 
Dyer (1994) categorises teams based on the activity that they perform and the degree of 
teamwork required. He advances that teams typically perform two types of activities: decision 
activities and task activities and as such identifies two team categorisations, decision teams and 
task teams. Decision teams need only to make decisions that require little or no co-ordination 
effort. Work and task teams also require an ability to make effective decisions but also need a 
capability to coordinate individual member efforts towards achieving a given goal. 
• Decision teams meet to make decisions about a whole range of matters: defining goals; 
developing strategy to achieve those goals; giving assignments to a person or unit; allocating 
resources and so on. 
• Task teams, on the other hand, must work together to perform a set of interlocking tasks in order 
to accomplish an end result such as a specific product or service 
4.3.5 Team Classification (Hayes 2002) 
Hayes (2002) categorises his team types using four variables. Those variables characterise: i) 
how highly differentiated the team members are from their rest of the organisation; ii) the extent 
to which team members need to interact with the other members of the organisation (which 
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Hayes, 2002, explained is a measure of their integration); iii) the attributes of the team's work 
cycle; and iv) typical outputs from each team type. These four variables are illustrated in Table 
4.3 where Ha yes (2002) classification and descriptions of each classification type is also given. 
CLASSIFICATIONS DESCRIPTION DIFFERENTIATION INTEGRATION WORK CYCLE 
Advice/ Involvement This type of team is concerned with Low Low Variable; either 
providing organisational advice and brief or long 
decision-making 
Production/ Essentially team's whose work is routine Low High Repeated or 
Service and usually consist offull-time workers. continuous 
They are largely self-managing teams, processes 
however they do have a leader 
Project/ These teams come together for a single High Low Variable: often one 
Development project and the team members go on to cycle of the team's 
different work once their task is completed. life span 
They are comprised of highly skilled 
technical people and they tend to organise 
their work internally and have reasonably 
high levels of autonomy 
Action/ This type of team engages in specific High High Brief performance 
Negotiation activities where each person's role is events, often 
clearly defined and leadership is about eo- repeated under new 
ordination and timing conditions 
Table 4.3- Team Classifications and their Distinguishing Characteristics (Source: Hayes (2002) 
4.3.6 Other Methods of Classifying Teams 
Team types can also be classified according to their: 
• Primary concern: meeting employees personal needs, achieving specific objectives and 
socialisation (Robbins and Finley, 1996) 
• Objective: problem resolution, creativity or decision-oriented (Larson/LaFasto 1989) 
• Leadership style: directive, supporting or delegating (Cieland, 1996) 
• Time span: temporary or permanent (Dunphy, 1989) 
The following table, Table 4.4, has been generated to describe and compare each team 
classification approach noted above. Amongst these approaches to classification, the 
classifications of teams by 'purpose' and by 'position in the organisation' were identified as 
being the ones that might best facilitate team systems design in the broader context of a host 
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manufacturing enterprise. These methods support the design of teams using the task definition 
and task requirements to identify the necessary team characteristics. 
Classification Focus Limitations 
Primary concern: (Robbins Employees personal needs; Socialisation; Broad classification: teams are groups of people that accomplish 
and Finley, 1996) Achieving specific goals goals through joint efforts, thus all team types would fall into the last 
category 
Time frame for task Long tenn workgroups; Short term Broad classification: team focus and type of problem have not been 
accomplishment: (Dunphy work groups considered 
1989) 
Team member position in Top management teams; Mid- This classification identifies the team skill requirement (functional 
the organisation: (Scott et management teams; Working groups; or cross-functional) and the focus of the team but this classification 
a1,1995) Project Teams is limiting and may result in the omission ofkey team types. 
Objective: Larson!LaFasto Problem resolution; Creativity; This classification identifies the type focus, however, it does not 
1989) Decision-oriented identify the team member composition and the problem type 
Leadership style: Directive; Supportive; Delegate; Similarly this classification identifies the management/leadership 
(Hardingham 1994) Charismatic/Inspirational style but it does not distinguish among the types of tasks to be 
perfonned or the team composition 
Purpose (Adair, 1986) Teams that recommend things This classification aptly differentiates teams. However, the team 
Teams that make or do things structure and leadership is not identified. 
Teams that run things 
Cranfield University Management Teams This classification aptly categorises teams and considers the 
(Thome et at, 1998) Core Teams composition, structure and possibly their task type. It was observed, 
Task Team however, that this approach is limited in the sense that it does not 
Sub-Teams consider the types of team leadership 
Activity Type (Dyer, 1994) Decision Teams; Task Teams This categorisation is based on the activity the team perfonns and 
the degree of co-ordination efforts required. However, it does not 
consider leadership-type, structure, composition or focus (other than 
a broad task focus) 
Table 4.4- Comparison of Team Type Classification Approaches 
4.4 Development of a Team Type Classification Reference Model 
Team classification is simply the process of grouping teams according to their common 
characteristic properties. These characteristics may include primary concern (Robbins and Finley 
1996); timeframe (Dunphy, 1989); objective (Larson and LaFasto, 1989); purpose (Adair, 1986) 
or activity type (Dyer, 1994). Potentially an effective team classification could allow accurate and 
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timely identification of a suitable team type needed to perform a given task, as it might identify 
groupings of team types that can successfully accomplish given tasks types. 
Therefore the development of a team classification reference model can usefully inform team 
system design. In figure 4.1, team system design, i.e. team characteristics are determined by task 
characteristics and member resources. However, there are many types of teams, once the team 
characteristics have been identified based on the task demands and the member resources, how 
can the appropriate team be effectively determined? 
Team classification offers a solution to this challenge by categorising team types according to 
specific characteristics. It simplifies the process and provides groups of perspective teams with 
similar characteristics from which the team designer can choose. Therefore, team classification 
groups the teams according to specific criterion. For example, Adair (1986) team classification 
approach described in section 4.3.1, team types were classified based on the purpose they 
perform. Teams that 'recommend' were grouped together, while teams that 'manage' and teams 
that 'make' were put into two other separate categories. Thus, assuming the team's task was to 
'suggest ways of reducing in-process inventory on the shop-floor', the team designer will need to 
design a team type that satisfies the requirements of this task. In this case the task requires a team 
to 'recommend' things. 
In this example only one aspect of the task was used to classify teams, i.e. task purpose. 
However, if more than one criterion was used to classify teams, team designers would invariably 
have more information to facilitate a successful team system design. The subsequent section of 
the research aims to expand the criterion used to classify teams in an effort to provide team 
designers with more information allowing them to make better team design decisions. 
4.4.1.1 Team Tvoe Classification Model with Reference to Entemrise Meta-Life Phases 
The team classification approaches described in section 4.3 were used to inform the development 
of an enhanced team classification reference model bearing in mind the limitations the 
approaches documented in Table 4.4. This novel method is based on the three main classes of 
activity that occur within an enterprise. 
According to ISO 14258:1998, any enterprise has three meta-life phases, namely: i) plan and 
build phase; ii) use and operate phase and iii) dispose and recycle phase. During these three meta-
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life phases, teams within an enterprise are involved in three main classes of activities. These 
classes of activities are required to: determine 'WHAT' an enterprise should do; determine 
'HOW' it should structure itself and use its technology to achieve its goals and objectives; and 
'DO' product and service realising activities. These activities are resourced by people or 
organised groupings of people. 
It follows then that teams within the enterprise are involved in three main classes of activity, 
namely: what, how and do activities where teams primarily perform: 
• 'WHAT' activities, these being strategic teams that are responsible for running things 
• 'HOW' activities, resourced mainly by tactical teams that recommend things 
• 'DO' activities that typically will be resourced by operational teams that make or do things 
commonly on a competitive basis 
Bearing this requirement for a link between organised groupings of enterprise activities and 
resources, a new team classification approach was developed in this study. This approach 
categorised team types into three grouping, namely: (i) strategic teams; (ii) tactical teams; and 
(iii) operational teams. This approach is similar to the team classification method developed by 
Adair (1986) in which team types are categorised according to purpose. 
Table 4.5 describes the characteristics of each team type classification with respect to five broad 
categories that include team function, team performance, competition, team roles and team 
relationships. It is envisaged here that the results of this evaluation would assist in further 
differentiating team type capabilities of each categorisation. The five broad categories of 
questions namely: team function; team performance; competition; team roles; and team 
relationship, were used to develop this thinking as follows: 
• Team Function: Why would this team type be formed? What does it do? What is the overall 
purpose of such a team? What are its critical success factors? What are its priorities? What 
external information does the team need? What type of problem does the team solve? Generic? 
Size? 
•Team Performance: how should the team performance be measured? What makes the team 
achieve its objectives successfully? Are the time constraints involved in achieving the team's 
objectives short or long? What makes the team productive? What kind of relationship is required 
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between team members? What kind of relationship is necessary for achieving goals? What 
makes the goals and objectives clearly defined? What makes the team flexible? 
• Competition: Who if anyone, is the team meant to beat? Will the team be competing against 
other teams? Are competing teams inside or outside that organisation? What are the benefits of 
competition? What are the disadvantages of competition? 
•Team Roles: what makes the roles clearly defined in the team? Can team roles be swapped 
between team members? Could any member of the team fulfil any of the roles, or is a significant 
number of 'specialist' roles required? To what extent should interactions, information exchange 
and joint working of team members need to be orderly, predictable and polished? Is the team 
structure formal or informal? Are there defined paths for information and data flow? 
• Team Relationships: what is the relationship between team members? How important is loyalty 
to the team? What are the disadvantages of loyalty? Is the team size and membership fixed or 
predetermined? Do team members belong to more than one team, and is that necessary? Will the 
team have part-time members? What is the length of the team life cycle? What are the 
advantages of people staying in a team for a long time? What are the disadvantages? 
These questions were answered for each of the three-team type classifications identified and the 
results were recorded in table 4.5 
Table 4.5 describes the three main categories of the team classification reference model, i.e. 
strategic, tactical and operational team types. Within these classes, team types are further 
categorized according to two addition criteria, namely: 
• Skill requirement, whether functional or cross-functional; and 
• Team structure, such as problem solving, creative or decision-oriented. 
Hence the team classification reference model (see figure 4.3) uses three criteria (team activity; 
skill requirement; and team structure) to group the various team types found in the literature. 
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NO RECOGNISABLE STRATEGIC TACTICAL OPERATIONAL 
TEAM NEEDS 
I Team Function Teams that run things, management teams. Teams that recommend things, core teams Teams that make or do things, task teams 
Sets company direction, determines organisation's mission, goals, Develops clear objectives and controls and co-ordinates work Usually involves a supervisor and those who 
objectives and priorities throughout the organisation report to him 
Serves as the major link between the organisation and the outside New product development manufacturing processes, new Provide ideas for the process 
world marketing strategies, cost reduction ides, new business ventures Discuss and propose ways to improve the 
Creates organisational plans and strategies based on information Product decomposition and product integration workplace arrangements, production process and 
from the internal and external environment: competitors, market Develop the day-to-day plans of action that support the lines of communication 
demand, internal capabilities strategies and objectives set by the strategic team Responsible for a clearly defined area of work, 
Problem types are generally wide ranging and generally deal with Problems are wide ranging but cover issues that are within the responsible for the whole product or process: 
situations that arise external to the organisation organisation planning, performing, implementing and eo-
ordinating improvements 
2 Team Performance Team generally sets short, medium and long term goals or objectives Teams objectives are generally project, process or product Teams objectives are measurable and can be 
Measures Objectives are measurable and generally include increase in ROI, oriented monitored 
increased market share, training of staff, penetration of new markets Team generally sets short, medium and long tenn goals or 
The teams performance is determined by the achievement of goals objectives, based on the constraints which are determined by the 
set, these goals are clearly measurable strategic teams 
Team productivity is measured by the rate at which the desired 
goal is achieved. Objectives include: new product design, 
project management, 
3 Competition This team-type sets plans and strategies that will enable their These teams would not necessarily be competing against other These teams generally compete against other 
company to compete in any world market. They are competing teams but rather against constraints imposed on them by the teams within the organisation or compete against 
against similar teams in many organisations around the world. strategic teams. These constraints include monetary, time, constraints imposed on them by the tactical 
Advantage of Competition: to increase the organisational standards resources constraints. The constraints set by the strategic team teams. These constraints include daily 
and allow the company to compete in the international arena. would ensure that the tactical team accomplished the desired throughput, number of defects, lost time injuries, 
Disadvantage: In an attempt to compete organisations may take on task in the given time with the resources available to ensure that daily/weekly/monthly machine operating hours. 
more than they can handle. the organisation remains internationally competitive 
82 
Team Systems Engineering and The Role of Enterprise Modelling Technology 
NO RECOGNISABLE STRATEGIC TACTICAL OPERATIONAL 
TEAM NEEDS 
4 Team Members Roles Generally cross-functional teams that span all aspects of the These teams can be both cross-functional and functional. In Since these teams exist within a department the 
organisation. Team member's roles are well defined and the team functional teams the members can be rotated. team composition can be both functional and 
consists of a large number of specialists. Depending on the nature of the task to be performed the team cross-functional depending on the task. 
The team structure is formal and somewhat hierarchical. structure can be formal or informal. For example, if the team's The team structure is generally formal with there 
objective is project manager, then the structure is formal and being a team leader who is responsible for 
somewhat hierarchical. However, if the team's objective is new scheduling, planning, co-ordinating and 
product development then team creativity is essential and the monitoring team's tasks. 
team structure is flat and informal. 
5 Relationships Important relationship factors: Important relationship factors: Important relationship factors: 
Team size and membership are generally fixed Team size and membership is determined by the team's task These team memberships are generally within the 
Team loyalty is important Teams can be functional or cross-functional in nature. division or department 
Team members usually belong to more than one team Team's life cycle is determined by the nature of the task. It Teams are functional and consist of specialist 
The team may also use consultants or specialists should be noted that these teams are generally transferred from Team lifecycle is long term 
Long team lifecycle one task to another and generally have long life cycles. Team size is dependent on the number of 
employees in the department or division or 
business unit 
Team may also use consultants or specialists 
6 Team Leadership Delegating style of leadership where leaders respond to proposals There are two types of team leadership styles that are There are two types of team leadership styles that 
and suggestions from the team. The team consists of competent characteristic of these types of teams: are characteristic of these types of teams: 
experience members. Directive- teams at initiation, members unsure of tasks, leaders Directive- teams at initiation, members unsure of 
This team type is also characterised by an inspirationaV charismatic give information and direction tasks, leaders give information and direction 
style of leadership. This types of leadership exists in high risks Delegating- teams competent and experienced, leaders respond Delegating- teams competent and experienced, 
situations where the teams are highly competent to proposals and suggestions from members leaders respond to proposals and suggestions 
from members 
7 Team Types Top management teams Ad Hoc teams; Mid-management teams; Project teams; Co- Quality circles; Self-directed work teams; Think 
Cross-functional teams ordination teams; Think tank teams; Functional and Cross- tank teams; Functional teams; Working groups; 
functional teams Cross functional 
8 Typical Team Problem resolution Problem resolution Problem resolution 
Structures Tactical Tactical Tactical 
Creative Creative 
Table 4.5- Description of a New Team Type Classification Reference Model 
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4.5 Development of Team Type Selection Method 
The previous section identified a new team classification reference model. This model classified 
team types based on three criteria, which are: 
i. The nature of their task-driven requirements, i.e. whether they are primarily strategic, tactical 
or operational; 
ii. Fundamental skill requirements, whether functional or cross-functional; and 
iii. Whether it promotes a problem solving, creative or decision-oriented team structure 
Any effective team system design should provide its users (primarily team system designers) with 
a framework for selecting and matching a known team classification with specific characteristics 
of the task the team will perform. 
In the initial stages of this project, the plan was to develop a list of jobs and job descriptions and 
then to select and match the team type with respect to those descriptions. It was also planned that 
the terms and conditions of any such match should be clearly defined. However, as this study 
progressed, it was found to be impossible to generate a comprehensive list of all possible jobs a 
team might be assigned. As a result an alternative method was developed and this alternative 
approach is detailed below. 
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I TASK DESCRIPTION I 
PLAN I DESIGN I I IMPLEMENT 
.. .. .. 
~ + + + + + 
Functional Cross- Functional Cross- Functional Cross-
Functional Functional Functional 
' ' ' .y .y .y 
' ' 
... ' ' 
' + Problem Solving: Problem Solving: Problem Solving: ' ' Problem Solving: 
' Adhoc; Cross- Func; Functional; Self- Think Tank; Self + Problem Solving: Functional Team 
Cross-Functional and Think Tank Teams Managed; Project Managed; Project Problem Solving 
Teams Teams 
Decision-oriented: Decision-oriented: Decision-oriented: Decision-oriented: Decision-oriented: 
Top Management Top Management Decision-oriented: Mid-management ; Functional Teams Quality Circle 
Teams Teams Functional Teams Project and Co-
ordination Teams Creative: Working Creative: Working 
I Creative I I Creative I Group and Quality Group I I Creative Circles Creative: Project Team 
Figure 4.3- Team Type Classification Reference Model 
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4.5.1 Team Type Selection Model from a Task Execution Perspective 
The aim here was to find a way to map team types within each of the overarching classes 
(strategic, tactical and operational) onto task descriptions thereby facilitating effective team 
system design. A key underlying assumption made during the development of such an approach 
was that a task description and definite time allocation for task completion could be used to 
specify and/or determine the main purpose or objective of the team; the composition the team 
required; and the team organisational structure needed. Table 4.6 describes these elements and by 
so doing describes the form and content of the information that should be included when defining 
a job description of any team. 
Element of Team Form and Content of Elements 
Requirements 
Time allocated for task The job description should clearly define whether the task is short or long tenn. For the purpose of simplification, 
completion all activities would be classed as either short tenn or long term, where short term is any task that exists for less 
than six months and long term are those task that exceed six months (This being based on the central method of 
classification used by Dunphy, 1989) 
Team Purpose, i.e. This should be clearly stated in the job description. The task definition will simply indicate the type ofactivitythe 
strategic, tactical or team will predominantly perform, namely: planning, designing or implementing. It was expected that to some 
operational extent, all teams might perform all three activity-types but would have one main activity. For example a team that 
has to design a new machine would need to plan their design activities, would carry out design work and finally 
oversee implementation activities possibly leading to some form of a prototype. But the primary purpose of such a 
team is design (This corresponds to the central method of classification adopted by Adair, 1986; Dyer, 1994; 
Thome et a!, 1998) 
Team Composition, i.e. The job description should also clearly define the skills requirements for the team, i.e. whether the team be cross-
functional or cross- functional or functional 
functional 
Organisational The objective of the team can either be problem solving, decision-oriented or creative. The objective of the team 
Structure of the Team necessarily influences the team organisation. A team with a creative objective will have an informal organisation. 
(This correspond to the method of classification used by Larson and LaFasto, 1989) 
Table 4.6· Element of Task Description 
Here it was envisaged that by using information contained in job descriptions team designer can 
follow the sequence of team type selection activities identified by the chart shown in Figure 4.3. 
4.6 Team Selection Method Testing Using Case Study Data 
In this section, information gathered from previous case study work on teams is used to carry out 
initial exploratory testing of the ideas incorporated into the team classification reference model 
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and team selection method developed earlier. This exploratory testing followed the sequence of 
activities outlined as follows: 
i. Briefly describe the case under investigation, via a short description of the project (a more 
detailed description of the case under investigation is included in Appendix 1) 
ii. Use the description of the project, i.e. task characteristics and demands, to determine: i) the 
primary enterprise activity that the team is expected to perform whether strategic, tactical or 
operational in nature; ii) the skill required for successful project task completion, i.e. whether 
they are functional or involve wide range of technical skills and experience; and iii) the broad 
type of team structure needed 
iii. Apply the team classification reference model and team selection method previously 
identified to determine the most suitable team type that will effectively resource the project 
defined in step ( i) 
4.6.1 Case Profile, Distribute Machine Design and Control System Research 
The data used within this case was collected from an industry team which has an ongoing 
responsibility for engineering complex products, namely 'automotive production machines' and 
'automotive production lines' required by a number of multinational manufacturing enterprises. 
This industry team is known within its host machine vendor enterprise as 'the Product Desigo 
Engineering (PDE) team' because it: 
• Develops machine desigos (via interaction with customers, external sub-solution providers); 
• Specifies appropriate configurations of production machinery; and 
• Specifies how those configurations can be produced in order to satisfy customer requirements 
within acceptable timeframes and financial budgets. 
Currently product outputs of the team are either an entirely new machine, or a new machine 
segment or an improvement to some existing machine type. 
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4.6.2 Description of Task Using Three Main Selection Criteria 
The fundamental aim of this (PDE) team is to develop machine designs based on requests 
received from customers, who are manufacturers of car engines. This section seeks to determine · 
the team type that is most suitable to realise this task. 
Based on the team system design approach described in the previous section, the PDE task 
description was used to determine three task characteristics, such as: 
• The main classification of activities to be performed: i.e. whether this activity class is strategic, 
tactical or operational 
• The main class of skill requirements, whether functional or cross-functional 
• The type of team structure needed: i.e. should it be decision-oriented; creative or problem 
solving 
4.6.3 Testing of Team Type Selection Method 
In this sub-section, figure 4.3 is used to visualise the team type selection procedure executed for 
the PDE team. The team type selected is indicated by the highlighted boxes in that figure. The 
team type required needs predominantly to perform design activities. The team type required 
should also collectively exhibit a wide range of technical skills and experience and therefore must 
be cross-functional in nature. Finally the selected team type needs a creative structure to 
successfully complete the task at hand. 
The purpose of using the selection procedure in this case study was to compare the result 
generated using the team type selection method with the team type already in use at Cross Huller 
thereby to assess the suitability of this team type. In this specific case, the result obtained from 
using the team selection procedure, i.e. the selection of a project team type, matched the existing 
team type. 
4.7 Conclusion 
Team system design was observed to revolve around the process of choosing the right team to 
perform the task at hand, so as to deliver the right outputs in an acceptable timeframe. It was 
explained, however, that there is no proven way of designing an effective team. 
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It was observed that the characteristic properties of the team system are influenced by two main 
factors, these being i) members' resources and ii) task characteristics and demands (See figure 
4.1 ). The impact of task characteristics and demands on needed team characteristics was 
considered. 
A team classification reference model was developed that categorised team types into groups 
based on three specific criteria. These criteria concern: the nature of the task-driven requirements; 
fundamental skill requirements; and teamworking structural needs. This reference model 
identified three overarching classes of team type, namely: strategic, tactical and operational. 
A team type selection procedure was also defined. This procedure mapped the team types within 
each of the overarching team classes onto task characteristics (using the reference model) thereby 
facilitating effective team system design 
Therefore the team type classification reference model and selection procedure were used in 
conjunction with each other to illustrate an approach to team system design. In this approach, 
team type selection is essentially based on the task characteristics and demands. 
Figure 4.4 represents the four (DBOM) phases of the team systems engineering. This chapter was 
concerned with the "D" phase, i.e. team system design, and observed that the task definition can 
be interpreted to determine specific task characteristics, which in turn can be used to select a 
suitable type of team with specific characteristics. This conclusion is illustrated by figure 4.4 
Team System 
Engineering Life 
Cycle (DBOM) 
. 
TEAM SYSTEM 
DESIGN 
TEAM SYSTEM 
BUILD 
TEAM SYSTEM 
OPERATE 
TEAM SYSTEM 
MAINTAIN 
Task Definition 
Members 
Characteristics 
Task 
Realisation 
Task Team 
Characteristics Characteristics 
Functional Roles Team 
Roles 
Teamworking Development 
Monitoring 
Maintenance 
Figure 4.4- Team System Engineering Life Cycle (DB OM) 
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4. 7.1 Contributions to Knowledge 
Bearing in mind the main objectives of the research study and its aim to promote a holistic 
approach to team systems engineering, it was necessary to limit the research undertaken on team 
system design. However, the findings reported in this chapter provided the author with a detailed 
understanding of team types and the important aspects of the first phase of the DBOM life cycle 
model, namely team system design. It also categorised a significant base of human factors 
literature and highlighted the fact that industry has yet to be provided with sufficient methods and 
tools to inform its use of teams by making most alternative types known to them. 
The next chapter of the thesis will describe the second stage of DBOM, team system building, 
with a view to identifying the key factors that impact on team system building. 
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5 TEAM SYSTEM BUILDING 
Earlier chapters of this thesis concluded that industry needs to be provided with coherent and 
improved understandings about the engineering of team systems. It was also concluded that team 
systems engineering concerns activities that can be grouped into four DBOM phases oflife cycle 
engineering. Team system building is the second "B" phase ofDBOM. 
It was also deduced that to better comprehend properties of team systems as a whole, it is 
necessary to understand various aspects and life phases of system processes (and their elemental 
activities). This chapter is concerned with understanding the "B" set of team system engineering 
processes (namely team system building) and discussion is centred on: 
• Defining team system building 
• Examining existing approaches used to build team systems 
• Identifying limitations of existing approaches and 
• Developing, implementing and testing possible solutions to the challenges identified 
5.1 Definition of Team System Building 
Team System Building is considered in this thesis to be the process of taking a collection of 
individuals with different needs, backgrounds, and expertise and transforming them into an 
integrated, effective work unit (Thaimhain and Wilemon, 1987). Traditionally, teams are selected 
on the basis of an individual's availability, previous experience, technical skills and capabilities 
(Stickley, 1993). This approach, however, does not take into account implications arising from 
individual personalities and behaviours that will impact on teamworking process and ignores the 
likelihood that team members will have preferences for roles they should adopt in a team 
situation (Partington, 1999). 
Belbin (1981) proposes that for practical purposes one needs to differentiate sharply between an 
individual's 'functional role' and their 'team role'. The former he suggests, refers to the job the 
individual performs which requires specific technical knowledge, educational foundation and 
work experience. The latter refers to the interpersonal role of the individual with respect to the 
team and requires the individual to exhibit characteristic behaviours that support team 
development (Belbin, 1981 ). The significance of the difference is that people appointed to a 
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given job are likely to vary greatly in their team role while their functional role maybe exactly the 
same (Belbin, 1981 ). 
There are a surfeit of techniques widely available that describe and enable the allocation of 
functional roles (Breadmore, 1982; Bower, 1970; Cameron, 1968; Diaper and Stanton, 1960; Ho, 
1991; Kirwan and Ainsworth, 1992; O'Brien and Irving, 1996; and Yates, 1997), as well as the 
allocation of team roles (Bales, 1950; Belbin, 1981; Benne and Sheats, 1948; Margerison, 1990; 
Myers and McCauley, 1992; Parker, 1990). 
Because teams members are selected primarily with reference to the task at hand, using the 
available technical skills and abilities required from different functional areas (Stickley, 1993), 
within this research it is assumed that at any point in time the team members have the necessary 
functional skills to accomplish the task at hand. 
Bearing in mind the research reported in the previous chapters the author makes a simplifying 
research assumption. It is supposed that in industry (and often elsewhere) team member selection, 
for a newly formed team assigned to a new task, is initially based on their functional skills and as 
such their functional or task roles are determined by their respective technical skills, expertise 
and availability. However, the team roles, which are meant to describe how these team members 
go about interacting within the group are often misinterpreted or ignored altogether. These roles 
are not about individual characters or overall styles but about what is going on during the course 
of team meetings or events and effective team role allocation impact significantly on team 
performance (Hayes, 2002). 
Therefore this chapter has three main objectives, namely: i) to discuss different team role 
allocation tools; ii) identify challenges and reasons why their application is hindered or 
prevented; and iii) describe one possible approach to alleviating those challenges. One approach 
to functional role allocation is discussed; different approaches to allocating team roles (i.e. 
approaches to determining and assigning team roles which will impact how the team works 
together as a unit) are described; challenges and shortcomings of assigning team roles to 
individual team members are identified; a novel approach to overcoming these challenges and 
shortcomings is described, with reference to one team role approach, 'Belbin Team Role Self 
Perception Inventory' (BTRSPI); and finally this approach is tested on an industry-based case 
study team. 
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5.2 Example Use of an Existing Functional Role Approach 
This research presumes that perspective team members are initially identified based on 
functional-skill requirements of the task, which the team has been assigned. Once a list of 
possible team members with appropriate functional skills has been identified, these individuals 
are evaluated to determine their team role tendencies. The individuals with the team roles 
tendencies that will facilitate effective teamworking are then selected. Thus in an ideal situation 
both the functional requirements and team role requirements are essential in selecting the most 
suitable team members. Neglecting any of these requirements when selecting team members will 
inadvertently impact negatively on team performance (Hayes, 2002). 
McDonald and Keys (1996) site mal-selection, selection of team members based on personalities 
rather than needed skill as one of the "seven deadly sins of teambuilding". They continue by 
stating that one of the most important outcomes from having persons work as a team is the 
integration of diverse skills, knowledge and ideas and to allow members to interact in closer 
proximity than is usually the case with functional specialists. 
As mentioned earlier in this chapter, there are many different approaches to team member 
selection using the functional role approach. This section provides an example of one such 
approach. The approach exemplified will deploy business process modelling concepts. 
The exemplar approach decomposes the team's task into a set of activities where an activity 
realises a task as a partially ordered set of basic operations executed to perform the things to be 
done within an enterprise (Vemadat, 1996). Vemadat (1996) states that activities are performed 
by the functional entities of the enterprise that transform input states into output states. He also 
identifies functional entities as any active resource inside or outside the organisation capable of 
executing basic functional operations of an activity; in cases of interest to this study the active 
resources are members of a team. Since activities are performed by functional entities (members 
of the team), they can be used to identifY the technical skills requirements of these entities. 
For example, using the case study team discussed in Chapter 4 that had ongoing responsibility for 
engineering complex products, namely 'automotive production machines' and 'automotive 
production lines' required by a number of multinational manufacturing enterprises. This industry 
team is known within its host machine vendor enterprise as 'the Product Design Engineering 
(PDE) team' because it: develops machine designs (via interaction with customers, external sub-
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solution providers); specifies appropriate configurations of production machinery; and specifies 
how those configurations can be produced in order to satisfy customer requirements within 
acceptable timeframes and financial budgets. Currently product outputs of the team are either an 
entirely new machine, or a new machine segment or an improvement to some original machine. 
The domain of the PDE team was modelled as a set of sub-domain processes, i.e. as ordered 
threads of value adding enterprise activities (see Figure 5.1). 
For the purpose of this example, Figure 5.1 is presented. It illustrates one type of the CIMOSA 
modelling template, a structure diagram, of the PDE team's main activities. This diagram was 
populated with data elicited from the case study company (Monfared at al, 2002). It should be 
noted that several other templates were also developed. 
This template illustrated herein defined a coherent set of CIMOSA conformant "business 
processes" (BPs) and "enterprise activities" (EAs) that collectively document 'as is' activities 
carried out by the PDE team in response to other system stimuli. Figure 5.1 identifies seven 
business process requirements of the PDE Team that include: i) Administration (BP221); 
Concept Design (BP222); Design Review (BP223); Detailed Design (BP224); Documentation 
(BP225); Assembly Shop Meeting (BP226); and Commissioning (BP227). 
Using these requirements as a guide a list of functional requirements for the team can be 
developed (see Table 5.1) 
NO TASK ACTIV!TIES FUNCTIONAL REQUIREMENTS 
I Administration, meeting to review the basic design and documentation Co-ordinator 
2 Design modules, tools/holders, heads/spindles, fixtures/clamps, Machine Designers (Electrical and Mechanical) 
transfers/nets, centre base, wing base, lubrication system 
3 Monitor customer changes, obtain customer approval Quality Control 
4 Electrical engineering, network engineering and control software Electrical engineers 
engineering, fluid engineering Mechanical engineers 
5 Safety Facilities, cleaning equipment, lighting Safety officer 
Table 5.1- Functional Entity Requirements for PDE Team (Source: Monfared, 2002) 
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Figure 5.1- Enterprise Activities Needed to be Performed by Functional Entities within the PDE Team 
5.3 Examination of Existing Team Role Approaches 
SiLt lllp 
One major approach to team systems building focuses on team roles. For some management 
consultants, this way of understanding teams has become the framework, which defines how a 
team could be built, and thus team building emphasised role definition as a major task (Hayes, 
2002). Hayes (2002) states that the aim of this approach is to clarity each individual's role 
expectations, the norms of the group as a whole and the shared responsibilities of different group 
members that would mean that the team would become aware of itself as a working unit. It would 
also be able to operate effectively and efficiently because each member had a clear understanding 
of his or her place, role and responsibility (Bennis, 1966; Hayes, 2002). There are many 
approaches to team building that use the role definition concepts. Some of these have been briefly 
summarised in the proceeding sections. 
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5.3.1.1 Benne and Sheats Team Roles (1948) 
As early as 1948, organisational researchers Benne and Sheats developed a list of group roles, 
which was created based on the possible contributions that individuals can make to a group. 
Individual contributions within any given group were divided into three broad categories, 
namely: group task roles; group building and maintenance roles; and self-centred roles. Each of 
these categories of roles was responsible for certain aspects of the group activities. For example 
the group task roles determined how the group went about dealing with its particular task or 
problem; while the group's building and maintenance roles were concerned with maintaining 
group cohesion and positive social interaction; and finally the third category dealt with the way 
that some group members used roles on committees or in other such groups to serve their own 
personal interest. 
Table 5.2 illustrates the three categories of roles and lists the roles that fall within each category. 
GROUP TASK ROLES 
Initiator-contributor Elaborator Evaluator-critic 
Information seeker Co-ordinator Energiser 
Opinion-seeker Orientor Procedural technician 
Recorder 
GROUP BUILDING AND MAINTAINING ROLES 
Encourager Gatekeeper Group observer 
Harmoniser Standard setter Follower 
Compromiser 
SELF·CENTRED ROLES 
Aggressor Self-confessor Help-seeker 
Blocker Playboy Special interest pleader 
Recognition seeker Dominator 
Table 5.2- Roles in Working Groups (Benne and Sheats, 1948) 
It should be noted from table 5.2 that these roles are meant to describe how people go about 
interacting with their group, during the course of a meeting or an event. 
96 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
5.3.1.2 Bales (1950) 
Group dynamics refers to the types of interactions that take place within groups3• Bales using 
'Interaction Process Analysis' was able to isolate the types of interactions that occur within a 
typical group during the execution of the task. These interactions were subdivided into three 
categories of interactions, namely: social emotional area (positive); task area (neutral) and social 
emotional area (negative). Table 5.3 tabulates each of these three categories and lists the 
interactions that occur within each of category. 
SOCIAL EMOTIOANL AREA: POSITIVE 
Shows solidarity Shows tension release 1 Agrees 
TASK AREA: NEUTRAL 
Gives suggestions Gives orientation Gives opinions 
Asks suggestions Asks for orientation Asks opinions 
SOCIAL EMOTIONAL AREA: NEGATIVE 
Shows antagonism j Shows tension Disagrees 
Table 5.3- Bales' Interaction Process Analysis 
5.3.1.3 Belbin's Team Role Self-Perception Inventorv (1981) 
Belbin, in 1981, proposed a set of eight significant team roles that are core to an effective 
decision-making team and are also essential to other kinds of teamwork in organisational life 
(Hayes, 2002). The work ofMeredith Belbin (1981) initially at the Henley Management Centre 
and latterly at Cambridge has provided a clearer insight into the internal group relationships and 
the clarification of the roles needed for a team or group to work effectively (Yates, 1996). 
According to Bel bin ( 1981 ), there are eight roles individuals can be allocated within a team. Each 
of the roles is associated with the characteristics that affect not only the overall team's 
performance but also an individual's performance in the team. A high performing team should 
have a balanced mix of members with different team role preferences, complementing each 
other's strengths and curtailing each other's weaknesses (Shi, 1997). These eight team roles as 
identified by Belbin (1981) are plant, resource investigator, chairman, shaper monitor evaluator, 
team-worker, company worker, and completer. 
3 This information is obtained from Communication, Cultural and Media Studies Info-base found at www.ccms-
infobase.com 
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5.3.1.4 Margerison/McCann 'Team Management Wheel' (1989. 1990, 1995) 
A further development of the notion of group roles came with the idea of the 'Team Management 
Wheel' advanced by Margerison and McCann (1989). Their method has also identified eight 
team roles, which were then further categorised into four groups: explorers, advisers, controllers 
and organisers. The roles include reporting and advising on relevant information, promoting the 
team to outsiders, innovating and creating new ideas, assessing and developing those ideas, 
organising the team's activities into coherent steps and objectives, concluding (ensuring that 
projects are carried out fully), controlling and inspecting the quality of work produced by the 
team and upholding or maintaining the social and organisational relationships within the team. 
5.3.1.5 Parker Team Role Classification (1990, 1994) 
Teamwork requires team players. Effective teamwork is based upon an ideal mix of people who 
exhibit a variety of styles or approaches to teamwork (Parker 1990). Parker advances four types 
or styles of team players, each style contributing in different ways to the success of the team. 
These four styles include: contributor, collaborator, challenger and communicator. 
• A contributor is a task oriented team member who enjoys providing the team with good 
technical information and data and pushes the team to set high performance standards and to use 
their resources wisely. 
• A collaborator is a goal-directed member who sees the vision, mission or goal of the team as 
paramount but is flexible and open to ideas 
• A communicator is a process oriented member who is an effective listener and facilitator of 
involvement, conflict resolution, consensus building, feedback and building of an informal, 
relaxed climate 
• A challenger is a member who questions the goals, methods and even ethics of the team and is 
willing to disagree with the leader or higher authority and encourages the team to take well-
conceived risks 
5.4 Challenges to Team Role Allocation Approaches 
Team roles are meant to describe how individual member should interact during the course of 
team meetings or events. Unfortunately some team experts, researchers and team practitioners 
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assume that these roles are consistent (i.e. consistent and unchanging) and are adopted by single 
individuals, rather than understanding that they may also describe how one individual might act 
from moment to moment and that more that one individual may assume a role for period of time 
(Hayes, 2002). 
The assumption that people can be categorised into types and that they will always tend to act 
consistently as a result, is one that has dogged organisational research for decades (Hayes, 2002). 
The study advances that one way to alleviate this problem is to develop a framework to measure 
and monitor individual behaviour with respect to initial team role allocation during the tenure of 
the project, thereby enabling individual performance with respect to team role allocation and 
team role suitability to be evaluated. As such the study proposes to identify an efficient means of 
assigning initial team roles to individuals; develop a method for monitoring and recording the 
actions and interactions of individual members during the course of the project to determine their 
tendency to behave in a manner which is akin to the roles initially assigned; and apply this novel 
method to a case study team. 
5.5 Belbin's Approach to Team Building 
Many academics, consultants and others claim to have identified sets of team roles, which when 
fully represented among team members are said to improve the team's performance (Park, 2002). 
Among these categorisations, those of Belbin (I 981) are the earliest and still the most popular in 
terms of their use by consultants and trainers (Senior, 1997). Belbin's typology is undoubtedly 
valuable in showing how people can make different contributions to a team's work and how 
positive team action requires a mixture of different types of activity (Hayes, 2002). Amongst the 
many team role categorisations, that of Belbin (1981) has become popular because of the ease 
with which an individual's most natural team roles are identified through administration of 
Belbin Self-Perception Inventory (SPI) (Senior and Swailes, 1998) 
The Belbin Team Role Self-Perception Inventory (BTRSPI, 1981), has become widely known 
and utilised for the selection of individuals when forming teams, despite concerns expressed in 
the occupational literature over aspects of its psychometric properties and criterion-related 
validity (e.g. Broucek and Randell, 1996; Fisher et a!, 1996; Fumham, Steele, & Pendleton, 
1993). However, not only has the BTRSPI been widely used as a 'stand alone' self-report 
selection measure, Belbin's model of team types has spawned a number of secondary measures of 
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team roles using dimension equations on popular personality inventories (Arroba and 
Wedgewood-Oppenheim, 1994; Dulewicz, 1995; Lessem and Baruch, 2000; Partington and 
Harris, 1999; Senior, 1997, 1998; Senior and Swales, 1998, Shi and Tang, 1997; Watkins and 
Gibson-Sweet, 1997). These contrasting views can be illustrated in the works of Furnham et a! 
(1993) and Dulewicz (1995). Furnham et a!, 1993, have cast serious doubts on the reliability and 
validity of the team role instrument (BTRSPI). While, on the other hand an article written by 
Dulewicz, 1995, provides evidence that supports an inter-method reliability and the construct and 
concurrent validity ofBelbin's team role instrument (BTRSPI) along with two other widely used 
instruments, 16PF ("16 Personality Factors" designed by Cattell, Eber and Tatsuoka, 1970) and 
OPQ ("Occupation personality Questionnaire", Saville et a!, 1990). Furthermore, Dulewicz, 
(1995) corroborates some of the theoretical propositions formulated by Bel bin (1981 ). 
Surveys indicating precise figures for the use of the BTRSPI and its personality inventory 
derivatives by British organizations have not been published, but reviews have suggested a 
continued widespread use for selection, teambuilding and team development (e.g. Senior, 1998; 
Prichard and Stanton, 1999). For these reasons Belbin's approach to team role allocation will be 
used within this chapter as the means of identifYing the initial team role allocation. 
Belbin (1981) describes a team role as "a pattern of behaviour characteristic of the way in which 
one team member interacts with another, where his or her performance serves to facilitate the 
progress of the team as a whole. He contends that team roles are vital to effective team 
performance and identified five principles underlying such performance (Prichard, Stanton, 
1999): 
• Each member contributes towards achieving the team's objectives by performing both a 
functional role (determined by their professional and or technical knowledge) and a team role 
(determined by their characteristic pattern of team interaction) 
• The team will perform best with an optimal balance of both functional and team roles which is 
dependent on the goals and tasks the team faces 
• The effectiveness of a team will be promoted by the extent to which members correctly 
recognise and adjust themselves to the relative strengths within the team both in expertise and 
ability to engage in specific team roles 
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• Personal qualities fit members for some team roles, while limiting the likelihood that they can 
perform others 
• A team can deploy its technical resources to best advantage only when it has the requisite range 
of team roles to ensure sufficient teamwork. 
5.5.1 Belbin Team Role Self Perception Inventory (BTRSPJ) 
The instrument designed by Belbin for the purpose of identifying a person's 'natural' team role 
was Belbin's Team Role Self-Perception Inventory (BTRSPI). This is an investigative 
instrument, which is completed by each team member (Park 2002). Belbin (1981) originally 
argued that i) there to be eight discrete team types; ii) each individual possesses a primary and 
secondary preferred team role, and iii) more successful teams exhibited both a pattern of balanced 
team roles and an appropriate leadership profile. The BTRSPI shown in Appendix 2 is a simple 
means of assessing the best roles of individuals. 
5.5.2 Be/bin's Team Roles 
The following describes each of the eight roles identified by Belbin (1981 ). These definitions 
were compiled from works ofBelbin (1981) and Yates (1996). 
5.5.2.1 Chairman 
He/she presides over the team and co-ordinates its efforts to meet external goals and targets. He 
or she is at least normally entrepreneurial and has a high degree of self-discipline. He/she is 
dominant, but in a relaxed and unassertive way, i.e. not domineering. The chairman has an 
instinct to trust people unless there is very strong evidence that they are untrustworthy. 
He/she sees most clearly which member of the team is strong or weak in each area of the team's 
function, and they focus people on what they do best. He/she also establishes the roles and work 
boundaries of the others and also sees gaps and takes steps to fill them. He/she talks easily and is 
easy to talk to, a good communicator in the two-way sense and certainly a good listener. 
5.5.2.2 Shaper 
Some observers of teams in action have suggested that a team needs a 'social1eader', who is the 
permanent head of the group, and a separate 'task leader', who is in charge of specific and 
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defined task. If so, the Shaper is the task leader and the Chairman is the social leader. The 
principal function of the Shaper is to give shape to the application of the team's efforts, often 
supplying more of his/her own personal input than the Chairman does. He/she is always looking 
for a pattern to discussions, and trying to unite ideas, objectives and practical considerations into 
a single feasible project, which he/she seeks to push forward urgently to decision and action. 
Only results can reassure him/her.. 
5.5.2.3 Plant 
The Plant is the team's source of original ideas, suggestions and proposals. Of course others have 
ideas too, but what distinguishes the Plant's ideas is their originality and their radical-minded 
approach. He/she is the most imaginative as well as the most entrepreneurial member of the team 
and the most likely to start searching for a completely new approach to a problem if the team 
starts getting bogged down, or to bring a new insight to a line of action already agreed. He/she is 
much more concerned with major issues and fundamentals than with details, and indeed he/she is 
liable to miss out on details and make careless mistakes. 
5.5.2.4 Monitor Evaluator 
One of their most valuable skills is in assimilating, interpreting and evaluating large volumes of 
complex written material, analysing problems and assessing the judgements and contributions of 
the others. Their contribution lies in measured and dispassionate analysis rather than creative 
ideas, and while the monitor evaluator is unlikely to come up with an original proposal, he/she is 
the most likely to stop the team from committing itself to a misguided project. He/she is the least 
highly motivated of the team; enthusiasm and euphoria simply are not part of their make-up. 
This, however, has the compensating advantage that ego-involvement does not cloud or distort 
his/her judgement. 
5.5.2.5 Company Worker 
The Company Worker is the practical organiser. He/she is the one who turns decisions and 
strategies into defmed and manageable tasks that people can actually get on with. The company 
worker is concerned with what is feasible, and their chief contribution is to convert the team's 
plans into a feasible form. He/she sorts out objectives and pursues them logically. He/she works 
efficiently, systematically and methodically, but sometimes a little inflexibly, and he/she is 
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unresponsive to speculative 'airy-fairy' ideas that do not have a visible immediate bearing on the 
task in hand. At the same time the company worker is usually perfectly willing to trim and adapt 
his/her schedules and proposals to fit into agreed plans and established systems. 
5.5.2.6 Resource Investigator 
The Resource Investigator is probably the most immediately likeable member of the team. He/she 
is relaxed, sociable and gregarious, with an interest that is easily aroused. The Resource 
Investigator is the member of the team who goes outside the group and brings information, ideas 
and developments back to it. Without the stimulus of others,. for example in a solitary job, the 
Resource Investigator can easily become bored, demoralised and ineffective. 
5.5.2.7 Team Worker 
The Team Worker is the most sensitive of the team. He/she is the most aware of individual's 
needs and worries, and the one who perceives most clearly the emotional undercurrents within 
the group. He/she is loyal to the team as a unit and supports all the others. If someone produces 
an idea, his or her instinct is to build on it, rather than demolish it or produce a rival idea. As a 
promoter of unity and harmony, the Teamworker counter-balances the friction and discord that 
can be caused by the Shaper and the Plant, and occasionally by the Monitor Evaluator. The 
Teamworker particularly dislikes personal confrontation and tends to try and avoid it and cool it 
down in others. 
5.5.2.8 Completer Finisher 
The Finisher worries about what might go wrong. He/she is never at ease until they have 
personally checked every detail and made sure that everything has been done and nothing has 
been over-looked. The Finisher is not an assertive member of the team, but maintains a 
permanent sense of urgency, which he/she communicates. He/she has self-control and strength of 
character, and is impatient of and intolerant towards the more casual members of the team. 
Table 5.4 describes each of the eight team roles in terms of their characteristics, tolerable 
weakness, suggested task allocation and distinguishable features. 
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TEAM ROLES CRITERION DESCRIPTION 
Chairman Characteristics Mature, confident, good chairperson; clarifies goals; promotes decision making; delegates well; recognises where team's strengths and 
weaknesses lie and ensures best use is made of each member's potential. 
Tolerable Weaknesses Can be seen as manipu1ative; offloads personal work. 
Suggested Task Allocation Should be best person to co-ordinate group effort; ensure that everyone has a useful role and team works towards common and agreed goal. 
Main Characteristics Organiser, Diplomatic, Calm 
Shaper Characteristics Challenging, dynamic, thrives on pressure; drive and courage to overcome obstacles; shapes way in which team effort is applied, directing 
attention generally to objectives and priorities; seeks to impose some shape or pattern on group discussion and on outcome of group 
activities. 
Tolerable Weaknesses Prone to provocation; offends peoples' feelings. 
Suggested Task Allocation Should be person best suited to overcome obstacles and opposition; create a sense of urgency and directs talk 
Main Characteristics Dynamic, Outgoing, Impatient 
Plant Characteristics Creative, imaginative, unorthodox; solves difficult problems; redefines problems; advances new ideas and strategies with special attention 
to major issues and possible breaks in approach to group problem. 
Tolerable Weaknesses Ignores incidentals; too preoccupied to communicate effectively 
Suggested Task Allocation Should do most problem solving or be responsible for generating new ideas and proposing solutions to the team. 
Main Characteristics Intellectual, Imaginative, Unorthodox 
Monitor Characteristics Sober, strategic, discerning; sees all options; judges accurately; analyses problems; evaluates ideas and suggestions so team is better placed 
Evaluator to take balanced decisions. 
Tolerable Weaknesses Lacks drive and ability to inspire others. 
Suggested Task Allocation Should be responsible for ensuring all worthwhile options are considered; needs a key role in planning; an arbiter in event of controversy 
Main Characteristics Observer, Judgemental, Prudent 
Resource Characteristics Extrovert, enthusiastic, communicative; explores opportunities, develops contacts; reports on ideas, developments and resources outside 
Investigator group; creates external contacts that may be useful to team; conducts negotiations 
Tolerable Weaknesses Over-optimistic; loses enthusiasm once initial enthusiasm has passed 
Suggested Task Allocation Should be responsible for developing outside contacts and exploring new opportunities but must report back to group. 
Main Characteristics Networked, Inquisitive, Extroverted 
Teamworker Characteristics Supports members in their strengths; e.g. building on suggestions, underpinning members in their shortcomings, improving 
communications between members and fostering team spirit generally 
Tolerable Weaknesses Indecisive in crunch situations 
Suggested task Allocation Should play a floating role, using versatile qualities to help with features of work that others cannot manage. Use diplomatic skills to 
overcome conflict. 
Main Characteristics Social, Indecisive, Sensitive 
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TEAM ROLES CRITERION DESCRIPTION 
Company Worker Characteristics Turns ideas into practical working procedures; carries out agreed plans systematically and efficiently. 
Tolerable Weaknesses Somewhat inflexible. Slow to respond to new possibilities. 
Suggested task Allocation Should be appointed organiser, responsible for procedures and practical steps to be taken once team reaches significant decisions. 
Main Characteristics Practical, Hardworking, Inflexible 
Completer Characteristics Ensures team is protected as far as possible from mistakes of both commission and omission; actively searches for aspects of work that 
Finisher need a more than usual degree of attention; maintains sense of urgency within team. 
Tolerable Weaknesses Inclined to worry unduly. Slow to respond to new possibilities. 
Suggested task Allocation Should ensure team's work meets necessary deadlines and conforms to highest standards with no inaccuracies 
Main Characteristics Orderly, Perfectionist, Worrier 
Table 5.4- Team Roles along with their Characteristics, Strengths and Weaknesses (Interpreted from Belbin, 1981) 
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5.5.3 A Fully Balanced Team 
The most important aspect of team role theory is that when the roles are balanced, i.e. when all 
eight team roles exist at or above the natural role level (i.e. scores of 70 or above) within the team 
as in the case of Belbin Team Role Allocation Approach, teamwork and subsequently team 
performance will be improved (Belbin, 1981; Leung et a!, 2003; McGregor, 1960; Park 2002; 
Prichard and Stanton, 1999; Yates, 1996). Teams that are balanced with respect to team role 
composition of its members are more consistently successful that teams in which this balance is 
absent (Prichard and Stanton, 1999) 
It ought to be stressed that the building of teams by balancing of team roles is not of the same 
importance in every kind of operation. It is far less significant for instance, for a group whose 
principal role is to supervise a more or less steady and continuous process without much change 
over the years and with no great need for alteration or innovation team (Y ates, 1996). On the 
other hand when the team operates in areas of rapid change in the work force, manufacturing 
techniques, products, markets or costs, where there is competition, pressure and need for quick 
decision, then having all the different team skills available becomes of paramount importance 
team (Yates, 1996). 
5.6 Method for Monitoring Individual member Role Performance 
A weakness of the team role approach is that it assumes that people will fall into 'types' and 
ignores the dynamic dimension of individual behaviour. In this sub-section, an approach for 
measuring and monitoring individual team role performance in order to alleviate this apparent 
weakness is proposed. This approach uses the '16 Personality Factors' theory (Cattell, 1957) as 
well as the team role types developed by Belbin (1981). 
5.6.1 Cattell's (1957) Sixteen Personality Factors (16PF) 
The Cattell 16PF (16 Personality Factor) model, first identified by Dr. Cattell over 40 years ago, 
is probably the most-widely used system for categorising and defining personality. Other similar 
systems exist (Barrick and Mount, 1991; Costa and McCrae, 1988; Digman, 1990; and Goldberg, 
1990) and may be preferred by certain organisations and professionals, but it's the 16PF in its 
various forms that is universally understood. 
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Unlike other common personal profiling tools such as Myers Briggs (1992) or Belbin (1981), the 
16PF defines our basic, underlying personality, without regard to how we apply it or the 
environment in which we apply it. The 16 PF is based on the 16 "source traits" put forth by 
Raymond B. Cattell, a trait theorist, in the 1940's. Using a statistical technique called Multiple 
Abstract Variance Analysis (MAVA), Cattell identified clusters of "surface traits," consistent 
behavioural responses, and "temperament and ability source traits," underlying variables that 
determine the surface traits. The Sixteen Personality Factors based on Cattell's theories are listed 
in Table 5.5 
Description of Low Range 16PF Description of High Range 
Reserved, impersonal, distant, cool, detached, formal, aloof Warmth Warm, outgoing, attentive to others, kindly, easygoing, 
participating, likes people 
Concrete thinking, lower general mental capacity,less intelligent Reasoning Abstract thinking, more intelligent, bright, higher general 
mental capacity, fast learner 
Reactive, emotionally changeable, affected by feelings, Emotional Emotionally stable, adaptive, mature, faces reality, calm 
emotionally less stable, easily upset Stability 
Differential, CO·operative, avoids conflict, submissive, humble, Dominance Dominant, forceful, assertive, aggressive, competitive, 
obedient, easily led, docile stubborn, bossy 
Serious, restrained, prudent, taciturn, introspective, silent Liveliness Lively, animated, spontaneous, enthusiastic, happy·go·lucky, 
cheerful, impulsive 
Expedient, non·conforming, disregards rules, self·indulgent Rule· Rule-conscious, dutiful, conscientious, moralistic, staid, 
Consciousness rule-bound 
Shy, threat-sensitive, timid, hesitant, intimidated Social Boldness Socially bold, venturesome, thick-skinned, uninhibited, can 
take stress 
Utilitarian, objective, unsentimental, tough-minded, self-reliant, Sensitivity Sensitive, aesthetic, sentimental, tender-minded, intuitive, 
no·nonsense, rough refined 
Trusting, unsuspecting, accepting, unconditional, easy Vigilance Vigilant, suspicious, sceptical, wary, distrustful, appositional 
Grounded, practical, prosaic, solution-oriented, steady, Abstractedness Abstracted, imaginative, absent·minded, impractical, 
conventional absorbed in ideas 
Forthright, genuine, artless, open, guileless, narve, unpretentious, Privateness Private, discreet, non-disclosing, shrewd, polished, worldly, 
involved astute, diplomatic 
Self-assured, unworried, complacent, secure, free.af·guilt, Apprehension Apprehensive, self·doubting, worried, guilt·prone, insecure, 
confident, self·satisfied worrying, self·blaming 
Traditional, attached to familiar, conservative, respecting Openness to Open to change, experimenting, liberal, analytical, critical, 
traditional ideas Change free·thinking, flexibility 
Group.-oriented, affiliative, a joiner and follower, dependent Self-Reliance Self-reliant, solitary, resourceful, individualistic, self~ 
sufficient 
Tolerates disorder, unex:acting, flexible, undisciplined, lax, Perfectionism Perfectionist, organised, compulsive, self~disciplined, 
impulsive, uncontrolled socially precise, controlled 
Relaxed, placid, tranquil, torpid, patient, composed, low drive Tension Tense, high energy, impatient, driven, frustrated, over· 
wrought, has drive, time.ruiven 
Table 5.5- (Source) Conn, S. R., and Rieke, M. L. (1994) "The 16PF Fifth Edition Technical Manual," 
Champagne, Illinois: Institute for Personality and Ability Testing, Inc. 
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5.6.2 Validation of Be/bin's Team Roles using 16PF 
One of the most rigorous and extensive studies in team building was conducted at Henley 
Management College over a nine-year period by M.R. Belbin and his associates (Dulewicz, 
I 995). During this period Bel bin and his team used computerised business management games. 
The 'output' of the business management games was quantitative and objective while the 'input' 
data were the personality characteristics and critical thinking ability of each participant, each of 
whom completed Cattell's 16 Personality Factors Questionnaire and Watson Glaser's Critical 
Thinking Appraisal before the game (Dulewicz, 1995). Belbin and his associates analysed and 
evaluated the output information as well as the input data and eventually identified eight team 
roles. Each of these roles has been described previously in section 5.5.2. 
A high team role score signifies that the person has a predisposition to behave in a certain way 
when in a team as a result of his/her personality and critical thinking ability. Therefore once 
Belbin and his associates had identified the eight team roles they had also identified the dominant 
personality characteristics associated with each role. This correlation between Belbin's team roles 
and Cattell's 16 Personality Factors is illustrated in Table 5.6. 
5.6.3 Design of Questionnaire 
In Belbin's initial work, he proposed a correlation between his eight team roles and the 
personality characteristics and critical thinking ability associated with each role. Thus the author 
proposes that this correlation can be used as a method of monitoring team role performance. 
One way of approaching this is to use a questionnaire, which will identify the dominant 
characteristics of each member within the team. This questionnaire should be descriptive in 
nature, i.e. attitude or opinion questionnaires that enable the user, in this case the team members 
and team leader, to describe the variability in different phenomenon (Saunders, 2003). The 
fundamental purpose of the descriptive questionnaire will be to record the behaviours of the 
individual members in relation to Cattell's 16 personality factors, recording how each individual 
behaves. Based on these criterions the author decided to deploy the '16PF' questionnaire, which 
is used to measure normal adult personality. The advantage of using this questionnaire is that it is 
widely used and has been well researched (Kelly, 1999), it provides the information required and 
it satisfies the criterions mentioned above. 
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TEAM ROLES 16 PERSONALITY FA TORS 
PLANT High dominance Low liveliness High sensitivity 
High social boldness High openness to change High abstractedness 
Low warmth High reasoning High self·reliant 
Low privateness 
RESOURCE INVESTIGATOR High emotional stability High abstractedness Low vigilance 
High social boldness High openness to change 
CO-ORDINATOR High emotional stability High liveliness High rule conscientious 
High dominance Low warmth High perfectionism 
Low vigilance Low abstractedness 
SHAPER High tension High social boldness High vigilance 
High dominance Low rule-consciousness High apprehension 
Low emotional stability Low sensitivity 
MONITOR-EVALUATOR High reasoning Low liveliness High privateness 
TEAMWORKER High warmth Low dominance Low self·reliance 
Low vigilance 
IMPLEMENTER High rule-consciousness Low abstractedness Low openness to change 
Low sensitivity Low vigilance High perfectionism 
COMPLETER-FINISHER Low emotional stability High perfectionism High apprehension 
High tension High rule-consciousness 
Table 5.6- Adapted from Dulewicz, 1995, "Validation of Belbin's Team Roles from 16PF and OPQ" 
Since Cattell's 16 Personality factors are bi-polar, the questionnaire uses a semantic differential 
rating scale. In this rating scale the respondents are asked to rate an idea on a (3-2-1-0-1-2-3) 
scale where each end of the bipolar scale is described by a pair of opposite adjectives designed to 
capture the respondent attitude towards service (Saunders et a! 2003) 
In this case, the team members will be asked to rate the behaviour of each of their colleagues 
using a bipolar rating scale, where the adjectives used to describe the bipolar scales of the 
questionnaire will be derivatives of Cattell's 16 bipolar personality factors. Figure 5.2 shows an 
example of the questionnaire that will be used. 
After the team roles have been assigned to individual members and the team has been released, 
the suitability of the match between team role allocation and personality characteristics for each 
member can be observed by of the team. This can be done by: 
• Using the questionnaire to identify each members' dominant personality characteristics 
• Identifying the ideal personality characteristics requirements for each team member based on the 
team role that he/she has been allocated 
109 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
• Comparing that actual dominant characteristics of each member with the requirements of the 
role that he/she fulfils 
3 2 I 0 I 2 3 Personality Factors 
Reserved, detached Warm, outgoing Warmth 
Highly intelligent Average intelligence Reasoning 
Emotionally stable Reactive, easily upset Emotionally Stable 
Co-operative Dominant, assertive Dominance 
Serious Lively, animated Liveliness 
Non-conforming Rule-conscious Rule-conscious 
Venturesome Shy Social Boldness 
Tough-minded Tender-minded Sensitivity 
Trusting Vigilant Vigilance 
Imaginative Practical Abstractedness 
Private Forthright, open Privateness 
Self-assured Apprehensive, self-doubting Apprehension 
Traditional, conservative Experimenting, flexible Openness to Change 
Self-sufficient Group-oriented Self-reliance 
Organised, socially precise Impulsive, unexacting Perfectionism 
Relaxed Tense Tension 
Figure 5.2- Sample Questionnaire for Team Role Performance 
This method of evaluating team role performance can be used at defined instances in time to 
assess the suitability of individual members for the team roles that they have been allocated. The 
author recommends that this test be performed each time the team transitions from one life cycle 
stage to another. Assuming the team develops to the 'performing' stage, this evaluation will be 
performed three times during the team's lifetime. 
5.7 Case Study Team 
The test case comprised researchers, project managers, experts and human resource officers 
involved in a project implementation process (see Figure 5.3) within a Software Consulting 
Company in Mexico. Initial data used to test the method of team role evaluation proposed in the 
previous section was elicited from information concerning dominant personalities of each team 
member. The team's fundamental objective was to improve, optimise and upgrade the quality of 
processes used within the Software Company. The team comprised of five members, who will be 
referred to as M!, M2, M3, M4 and MS for the sake of anonymity. 
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5.7.1.1 Project Implementation Process 
The case study teams comprise five members with one member occupying the role of team 
leader, one occupying the role of architect, two for the role of advisor and one for the role of 
operators. Within figure 5.3 it can be observed that there are ten main process activities, however 
only six of these are performed solely by the case study team. The first activity pre-project 
definition (1.1) is performed at a higher level in the organisation by a management team, which 
comprises a resource manager; an executive manager and an engineering executive. This team 
formulates the project definition; builds the case study team (i.e. assigns roles to individuals and 
identifies role requirements); identifies client requirements; and releases the case study team to 
execute the task defined by activity 1.1. Therefore it provides information concerning 'role 
assignment', 'competencies', 'client needs', 'pre-project' and 'role requirements'. 
Figure 5.3 also documents the entire project implementation process executed by the case study 
team. The main activities executed by the case study team include: presentation definition (1.2); 
project analysis (1.3); design (1.4); development (1.5); implementation (1.6) and conclusion 
(1.7). Within this figure each of these activities have been further decomposed to visually 
illustrate the information required; information generated; team role required; and associated 
events for each activity. 
For example, for implementation, activity 1.6, the leader, architect and operator roles are 
required. Prior to the initiation of this activity, information should be provided regarding project 
documentation and methodology. Upon completion of 'implementation' final product and 
installation manual documentation will be generated. The 'implementation' activity 
commencement and termination will be triggered by two activities, namely: solution accepted 
and product installed respectively. 
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5.7.1.2 Data Collection 
Team members were initially selected based mainly on their technical skills, expertise and 
availability. However, a secondary selection criterion was the availability of personnel at the time 
of the project. Essentially therefore the five members, M!, M2, M3, M4 and M5, were selected 
based on a preconceived understanding of task requirements. Following team member selection, 
team roles were allocated with a view of promoting suitable behaviours and interactions during 
team meetings. 
As this test case was located in Mexico, case study information reporting, documentation and 
analysis was carried via intemet communications. The information that was required for this 
study and received via the internet concerned i) allocation of team roles and ii) description of 
team members behaviours exhibited with respect to his/her role. More specifically the 
information captured included: 
• BTRSPI scores for each team member (five scores in total) 
• Questionnaire results which gathered information into the Team Role Evaluation Questionnaire 
shown in figure 5.3 such a questionnaire was returned once only as the team operated in stage 3, 
'norming' stage of teamworking development and described dominant personalities of the 
members, as observed by the team. 
5.7.1.3 Belbin Team Role Self-Perception Inventory Results for Test Case 
The following results were obtained for the test case team whom individually completed the first 
questionnaire. 
Team Roles Team members 
MI M2 M3 M4 MS 
CW 3 10 0 16 11 
CH 18.5 14 50 5 9 
SH 5.5 9 0 2 16 
PL 9 3 10 14 6 
RI 14 11 0 3 6 
ME 4 8 0 7 11 
TW 8 9 0 7 I 
CF 8 6 10 16 10 
Table 5.7- Scores from BTRSPI for tbe Test Team 
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The tabulated results were used to assign Belbin's eight team roles amongst the five team 
members of the test case team. When allocating these team roles, the following assumptions were 
taken into account: 
•Natural plant and monitor-evaluator type 'thinking' roles are likely to co-exist in a team-role 
profile (Senior, 1998) 
• Plant and monitor-evaluator role types are unlikely to feature in the natural team role profile of 
any member along with a high preference for a company worker or completer-finisher role 
(Senior, 1998) 
• Individuals with a preference for the shaper role are unlikely to be able to assume a Team worker 
role (Senior, 1998) 
•According to Belbin (2001) there are three categories of team role profiles, i.e. 'thinking', 
'doing' and 'people' oriented team role profiles. But the three categories are rarely found to 
naturally exist in any one individual (Belbin, 2001 4). 'People-oriented' roles include: 
teamworker, chairman and resource investigator (LoBue, 2002). 'Doing-oriented' roles include: 
completer finisher, shaper and company worker (LoBue, 2002). Finally, the 'thinking-oriented' 
roles involve: plant and monitor-evaluator (LoBue, 2002) 
Foil owing such consideration the eight Belbin team roles were allocated to the five team 
members as tabulated in table 5.8 
TEAM ROLES TEAM MEMBERS 
MI M2 MJ M4 MS 
PRIMARY RI cw CH PL SH 
CF 
SECONDARY TW ME 
Table 5.8- Team Role Allocation 
4 Belbin and Associates web-site, 200 I, "BELBIN Team Role Descriptions," 
http://www. belbin.comlbelbin%20team-roles.htm 
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5.7.1.4 Team Role Evaluation 
Following allocation of the team roles described in table 5.8, the team set about executing its 
task. Four months into the six-month project, an evaluation of the abilities of members to perform 
the team roles they had been assigned was conducted. This evaluation centred on the use of Team 
Role Evaluation Questionnaire referred to under 5.6.3. The evaluation of team role performance 
comprised a three-step process, as follows: 
• Step 1- the role sets allocated to team members were considered and an ideal dominant 
personality was associated with each role set. 
• Step 2- the questionnaire results were analysed to identify the actual personalities demonstrated 
by each member as he/she interacted within the team, where other team members made 
observations. 
• Step 3- Actual and ideal personalities were compared and the outcomes discussed 
5.7.1.4.1 Ideal Personalities Requirements 
Table 5.9 identifies each team member's resultant ideal personality requirements and was 
developed from Table 5.6 and Table 5.8 based on understandings gained about the team roles 
allocated to individual members. 
In the first column of table 5.9, the team members are listed. In columns two and three, the team 
roles allocated to each member along with the ideal personality requirements are documented. 
Column 4, records one or more personality factors common to roles where a team member has 
more than one team role allocated. Finally column 5 records any conflict in role requirements 
arising from multiple role allocations. Obviously such a conflict occurs if the team member has 
been assigned more than one role and the roles required have opposite personality requirements. 
Take the case of M3 for example. Here the chairperson role required a high emotional stability, 
while the completer finisher role required a low emotional stability. 
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Members Team Roles Allocated Dominant Conflicting 
Primary Role Allocation Secondary Role Allocation Behaviours behaviours 
MI RI High Emotional 
High emotional stability; high social stability 
boldness; high abstractedness; high 
openness to change; low vigilance 
M2 TW cw Low Vigilance 
High warmth; low vigilance; low High rule-consciousness; low sensitivity; 
dominance; low self-reliance low abstractedness; low vigilance; low 
openness to change; high perfectionism 
M3 CH CF High Rule- Emotional 
High emotional stability; high Low emotional stability; high tension; consciousness Stability 
dominance; low vigilance; high high perfectionism; high rule 
liveliness; low warmth; low consciousness; high apprehension 
abstractedness; high rule-conscious; 
high perfectionism 
M4 PL 
High dominance; high social 
boldness; low warmth; low private-
ness; low liveliness; high openness to 
change; high reasoning; high 
sensitivity; high abstractedness; high 
self-reliant 
M5 SH ME No Dominant No Conflicting 
High tension; high dominance; low High reasoning; low liveliness; high Behaviours behaviours 
emotional stability; high social private-ness 
boldness; low rule-consciousness; low 
sensitivity; high vigilance; high 
apprehension 
Table 5.9- Assessment of Ideal Personality Characteristics, Corresponding to 'Role Sets' assigned to Each 
Member 
5.7.1.4.2 Actual Personalities Exhibited by Team Members 
The questionnaire results obtained for each team member, i.e. the actual personalities they 
exhibited as observed from other team members, are recorded in Appendix 3. Needed dialogue 
with the team leading to the completion of this questionnaire was realised via the intern et and e-
mail communications. 
It should be emphasised that only one completed questionnaire was received for each team 
member, i.e. a total of five questionnaire results were collected from the team. The procedure 
used by the team to analyse and record behaviours was as follows: 
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• Team members to be evaluated were identified 
• Team member left the room in turn giving the others an opportunity to freely and openly discuss 
his/her dominant behavioural trait 
• After a general discussion about the behaviour of all individuals and interaction within the team, 
the team then completed the questionnaire as a unit 
During the questionnaire completion process, the team leader or the elected chair of that meeting 
ensured that each member present participated and his/her participation was valued, recorded and 
influenced the final result of the questionnaire. 
It should also be noted that a score of (2 or 3) indicated a high or low tendency towards an 
identified personality factor, while a score ranging from 1 - 0 - I signified an average preference 
for the personality trait. 
5. 7. 1.4.3 Actual vs. Ideal Personalities Requirements Comparison 
Table 5 .I 0 illustrates the comparison between the actual personalities exhibited by each team 
member and the personality requirements of the team roles initially assigned. Within this table 
each member is linked to the initial team roles that he/she has been allocated. The ideal team role 
personality requirements are listed in the second column of this table. In the third and fourth 
column the results of the team role evaluation questionnaires are recorded. The third column 
identifies whether the actual individual's personality matches with the ideal requirements where 
'Y' represents a match between ideal and actual personality requirements and 'A vg.' represents 
and average match, where the individual's score was in the middle of the bi-polar scale, i.e. 1-0-
1. The fourth column indicates instances where there is not a match between ideal and actual 
team role personalities via the use of the character 'N'. Lastly, the fifth column provides an 
overall comment on the suitability of the match between the individual and the team role initially 
assigned; and in cases where the suitability of the match are low to moderate, alternative possible 
team roles are identified for the individual concerned. 
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Team Dominant Personality Requirements RESULTS Comment/ Other Team Role Personalities 
Roles YES I NO Exhibited 
MI 
RI High emotional stability y High role suitability 
High social boldness y 
High abstractedness y 
High openness to change y 
Low vigilance y 
M2 
TW High warmth y High role suitability 
Low vigilance y 
Low dominance y 
Low self-reliance y 
CW High rule-consciousness y High role suitability 
Low sensitivity y 
Low abstractedness y 
Low vigilance y 
Low openness to change y 
High perfectionism y 
M3 
CH High emotional stability y High role suitability 
High dominance y 
Low vigilance y 
High liveliness Avg. 
Low warmth y 
Low abstractedness Avg. 
High rule-consciousness Avg. 
High perfectionism Avg. 
CF High tension y High role suitability 
High perfectionism Avg. 
High rule-consciousness Avg. 
High apprehension y 
M4 
PL High dominance Avg. Moderate role suitability. Other role personalities 
High social boldness Avg. exhibited include Monitor-evaluator 
Low warmth y 
Low private-ness N 
Low liveliness y 
High openness to change Avg. 
High reasoning Avg. 
High sensitivity N 
High abstractedness Avg. 
High self-reliance y 
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Team Dominant Personality Requirements RESULTS Comment/ Other Team Role Personalities 
Roles I YES NO Exhibited 
MS 
ME High reasoning y High role suitability 
Low liveliness y 
High private-ness Avg. 
SH High tension y High role suitability 
High dominance y 
Low emotional stability Avg. 
High social boldness y 
Low rule-consciousness y 
Low sensitivity y 
High vigilance y 
High apprehension y 
Table 5.10- Comparison between Actual Personalities Demonstrated and Ideal Personality Requirements 
5. 7.1.4.4 Experimental Discussion 
From table 5.10, it can be observed that for seven of the eight team roles assigned, the members 
demonstrated high role suitability, i.e. the ideal personality requirements of allocated sets of team 
roles were similar to the personality characteristics exhibited by respective team members. 
However, the personality exhibited by M4 was observed to be in contention with the personality 
required for the 'plant' role assigned, as illustrated in table 5.1 0. M4 demonstrated a high 
tendency to exhibit three personality factors associated with the 'plant' role. M4 also 
demonstrated an average tendency to exhibit the other five personality factors of the 'plant' role. 
On the other hand, two personality factors required of the 'plant' role were not being represented 
by M4, namely: low private-ness and high sensitivity. Instead M4's personality tended towards 
high private-ness and low sensitivity. These two personality anomalies for the 'plant' role, i.e. 
high private-ness and low sensitivity, were both observed to be common requirements of the 
'monitor-evaluator' role. Thus in-progress evaluation of the team showed that M4 exhibits a 
stronger natural tendency to perform the 'monitor-evaluator' role. 
It was concluded that the developed method of team role evaluation could provide a useful and 
simple method of monitoring individual team role performance at varying instances in time 
during task execution. 
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5.8 Conclusion 
This chapter considered two different aspects of selecting individuals when building teams, 
namely with respect to i) matching capabilities of team members to task requirements and ii) 
matching behavioural traits of team members to team roles. Discussion focused on team roles and 
approaches to allocating team roles to individuals based on their personality and behaviour. A 
team-role focused approach was identified which centres on the behaviours individuals exhibit 
when they work together as a unit. Different team role allocation approaches from the literature 
were considered. One of the most commonly used methods, namely Belbin's Team Role Self-
Perception Inventory, was considered in detail. In many practical situations this Self-Perception 
Inventory was known to provide an effective means of allocating team roles to individuals. 
A major challenge to team role allocation was revealed (i.e. the assumption that individuals 
consistently perform a team role once it has been assigned) and a possible solution suggested. 
The proposed solution is based on an approach to monitoring and measuring team role 
behaviours of individuals, using a combination ofBelbin's (1981) Team Role Allocation criteria 
and Cattell's (1957) "16 Personality Factors." Thereby, a means of evaluating team role 
performance and team role suitability was provided. This proposed approach was assessed in 
respect of a test case and positive results and ensuing analysis were documented. 
5.8.1 Contributions to Knowledge 
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Figure 5.4 visually depicts the insights gained in this chapter. This chapter presumed that team 
members are initially selected based on information included into the task definition and implied 
task characteristics. It was concluded that i) task characteristics and ii) technical skills, experience 
and knowledge of the team members constitute two primary factors that can usefully inform 
functional role allocation. It was also deduced that information generated about functional role 
allocation can be utilised in conjunction with knowledge obtained about team member 
characteristics to advise team role allocation. 
Furthermore, this figure depicts the approach developed herein to monitor team role performance 
of each member, which illustrates the relationship between 'team roles' and 'monitoring' 
activities in the team systems engineering life cycle. 
This chapter offers two main contributions to the field of team systems engineering, namely: 
i. Identification of relationships between prime variables that impact on team system design 
and team system build 
ii. Development of an approach to monitoring and assessing team role performance of each 
individual member of the team. 
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6 TEAM SYSTEM OPERATION 
This chapter continues the thread of thinking developed in the previous two chapters, which 
presumed that benefits can be accrued by developing and documenting a coherent and 
comprehensive view of team systems engineering, namely the DBOM lifecycle model. 
Team system operation has been identified as the third "0" life phase of team systems 
engineering. Because the "0" phase follows the "D" and "B" phases, this chapter seeks to 
augment team systems knowledge advanced in chapter 4 and 5 of this thesis. 
6.1 Definition of Team System Operation 
Team system operation includes those processes (and their elemental activities) that occur within 
the team system as it executes the task assigned. Figure 6.1 illustrates Gladstein's (1984) model 
of group behaviour. This model illustrates that all team system operations need to resource two 
main threads of processes centred on: i) team processes (teamworking development); and ii) team 
task (task realisation) 
Gladstein's model of group behaviour, like others, has distinguished between teamworking 
development (which Gladstein termed team processes) and task realisation (which Gladstein 
termed team task) (Bowers et a!, 1997; Hunter and Bailey, 1992; Marks et al, 2001; 
Schermerhorn, 1995; Syer, 1996; Woodcock, 1979). Task realisation is critical to team 
effectiveness and depends heavily on members' technical skills and expertise as well as 
team working development that directs, aligns and monitors task work (Marks et al, 200 I). 
Typical activities centred on task realisation are directly concerned with generating outputs, such 
as product requirements specifications, product designs and physical realisations of products. 
While teamworking development activities are geared towards defining and implementing 
improved means of achieving tasks, such as by some appropriate distribution of roles and 
responsibilities amongst team members, and by developing member and team competences that 
lead to improved interactivity within the team and between the team and its environment. 
This distinction may become blurry in practice, this chapter aims to i) identify and discuss a 
teamworking development model as well as a task realisation model with a view to develop a 
deeper understanding of the processes that occur during team system operation; and ii) develop 
notions about teamworking development and task realisation processes and how these processes 
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may be inter-related. Based on relevant literature, this chapter characterises aspects of 
teamworking development and task realisation process threads, i.e. organised sets of activities 
that typically are resourced by a team so as to add value to the team and its environment. This is 
achieved by defming achievable states and state transitions associated with teamworking 
development and task realisation. 
INPUTS PROCESS OUTPUTS 
TEAM COMPOSITION 
Adequate Skills _. 
Heterogeneity 
Organisational Tenure TEAM TASK 
Job Tenure Task Complexity 
Environmental Uncertainty 
Interdependence 
TEAM STRUCTURE 
Role and Goal Clarity 
Specific Work Norms _. 
Task Control 
Size TEAM PROCESSES 
Formal Leadership Open Communication 
Supportiveness @-+ TEAM EFFECTIVENESS 
_. Conflict Performance 
< 
Discussion of Strategy •< Satisfaction 
RESOURCES AVAILABLE 
Weighing Individual Inputs 
Training and Technical 
Consultation _. 
Boundary Management 
Markets Served 
ORGANISATIONAL 
STRUCTURE 
Rewards for Group 
Perfonnance 
,. 
Supervisory Control 
Figure 6.1- Gladstein's Model of Group Behaviour 
6.2 Teamworking Development Process Thread 
There is general agreement that teams progress through different stages of teamworking 
development (Caracciolo, 2000; Foster, 1996; Holpp, 1999; Katzenbach and Smith, 1993; 
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Robbins and Finley, 1996; Scholtes, 1988; Scott and Walker; Syer, 1996; Thompson et a!, 1997; 
Woodcock, 1979). These stages are defined within the 'forming-storming-norming-performing' 
(FSNP) model of teamworking development from Tuckman and Jensen (1977). During each of 
these stages, characteristic patterns of events and observations give rise to characteristic 
challenges and responses in the form of developmental behaviours within the team system. Each 
of these four stages has been further detailed below. The information gathered to describe these 
stages was obtained from the works of Caracciolo (2000); Dyer (1994); Foster (1996); Hayes 
(2002); Holpp (1999); Kur (1996); McGourty (2001); Moxon (1993); Scholtes (1988); 
Thompson et a! (1997); Tuckrnan (1977); and Woodcock (1979). 
6.2.1 Stage 1: Forming, the Undeveloped Team 
When a team is forming, members cautiously explore the boundaries of acceptable group 
behaviour. During this stage the team is just getting together, orienting themselves, setting goals, 
clarifYing expectations. This is the 'honeymoon' period where conflict is low but people are 
exploring how to behave within the group. This is a stage of transition from individual status to 
member status, and of testing the leader's guidance both formally and informally. Characteristic 
features include: 
• Team members conform to an established line because this is the way that it has always been 
done 
• Constructive ideas about change are not welcomed which result in people being disheartened 
and the leadership being unchallenged 
• Little care is shown for other people or their views and this is frequently characterised by a lot 
of talking and little real listening. 
• Personal weaknesses are covered up because the group lacks the skill to support or eliminate 
them 
• There is no shared understanding of what needs to be done and often the leader has different 
views to those he is trying to lead. 
• People confine themselves to their own defined jobs and the boss makes most of the decisions 
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• Mistakes are frequently covered up by members and this means that the team is not given the 
opportunity to learn from their mistakes 
•Team members are unsure of the task and the structure within the team 
6.2.2 Stage 2: Storming, the Experimenting Team 
This stage begins when the team decides that it wants to seriously review its operating methods 
and undertake activities, which will improve its performance. 
This is probably the most difficult stage for the team. Members begin to realise the task is more 
difficult than they imagined and become testy, blameful and overzealous. This stage is 
characterised by frustration and disagreement. Chaos and confusion may ensue with the team 
being confused and stressed by the demands of the task and conflict within the team. This 
discussion and disagreement is caused by roles being decided. Impatient about the lack of 
progress but still too inexperienced to know much about making decisions or the scientific 
approach, members argue about the decisions the team should make. They tend to rely solely on 
their own personal and professional experience, resisting the need to collaborate with others. 
Characteristic features incorporate: 
• The team begins to be willing to experiment 
• Problems are faced more openly and wider options are considered, the way in which the teams 
are managed is one of the first issues to be examined 
• More personal issues are raised, feeling being considered, and personal animosities are dealt 
with. 
• The team becomes exciting and dynamic 
•It becomes more open and potentially more effective. 
6.2.3 Stage 3: Norming, the Consolidating Team 
The initiation of this stage is characterised by the resolution of conflicts and issues. At this stage 
diversity is accepted and bonds begin to form within the team, members reconcile competing 
loyalties and responsibilities. Members accept the team, the team's ground rules, their roles in the 
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team and the individuality of their fellow members. Emotional conflict is reduced. Competitive 
relationships become more cooperative. 
This is the point at which the team will establish norms and set boundaries. After the team has 
worked on the interpersonal issues of stage 2 and has begun to resolve them it will begin to have 
the confidence, open approach and trust to examine its operating methods. The improved 
relationships and more exciting methods experienced in stage 2 are maintained but they are used 
to build ground-rules and working procedures, which the team will use. 
Characteristic features are: 
• Team decides to adopt a more systematic approach which leads to a clearer and more 
methodical way of working 
• The rules and procedures which characterised stage I now begin to be re-introduced but this 
time they are subject to the agreement of the entire team 
• Team learns that ground rules are important: 
• The team clarifies the purpose of the task or activity 
• It establishes the objectives which need to be met 
• The team collects the information which will be needed 
• It considers the options open to the team 
• The team performs detailed planning of what needs to be done 
• It reviews the outcome and use it as a basis for improving future operations 
6.2.4 Stage 4: Performing, the Mature Team 
By this stage, the team has settled its relationships and expectations. At this stage the team is 
working well together towards common goals, productivity and team development. The team 
starts to come up with solutions, gets on with the job to be done, and starts to enjoy working 
together. They begin diagnosing and solving problems and choosing and implementing changes. 
After stage 3 has been worked through, there is the basis for a really mature team. The openness, 
concern and improved relationships of stage 2 and the systematic approach of stage 3, can now be 
used to complete the task of building a really mature team. At last the team members have 
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discovered and accepted each other's strengths and weaknesses and learned what their roles are. 
Characteristics features incorporate: 
• Flexibility with different procedures being adopted to meet different needs 
• Leadership is decided by the situation not protocol 
• Often formal management hierarchy is abandoned in favour of something that the team feels is 
more appropriate 
• Each team member's energy is being utilised, because of individual commitment to team's 
success 
• It realises that it is part of a larger organisation 
•Team development becomes a priority 
• Trust, honesty, co-operation and confrontation and a continual review of results becomes a part 
of team life. 
6.2.5 Summary ofTeamworking Development Characteristics 
Table 6.1 summarises the finding of Caracciolo (2000); Dyer (1994); Foster (1996); Hayes 
(2002); Holpp (1999); Kur (1996); McGourty (2001); Moxon (1993); Scholtes (1988); 
Thompson (1997); Tuckman (1977); and Woodcock (1979) with respect to the characteristic 
features of each of the four main stages of the teamworking development. Table 6.1 lists the 
characteristic features, physical outputs and behavioural outputs for each stage. 
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Stage Characteristic Features Physical Output Behavioural Output 
Fanning Confonnation to established procedures Role identification Detennination of acceptable group 
and guidelines Allocation of responsibility behaviour 
Constructive ideas for change rejected Identification of established group Excitement, pride, tentative attachment 
Excessive talking nonns and fear (Emotional Indicators) 
No group synergy Identification of task definition Lofty abstract discussions 
No shared understanding of team Development of action plan Irrelevant discussion of problems not 
purpose lnfonnation acquisition techniques pertaining to task 
Autocratic leadership Complaints of organisational barriers 
Individual work within defined job 
boundaries 
Lack of team structure 
Stonning Willingness to experiment Detailed identification of previously Arguments increase 
Honest and detailed problem solving established nonns Factions develop 
Consideration of personal feelings Identification of potential alternatives Establishment of unrealistic goals 
Team relationships become the focus to established nonns Disunity and tension 
More listening, less talking Resistance to task 
Characterised by openness and 
effectiveness 
Nonning Development of systematic and Development ofteam action plan Constructive criticism 
methodological way of working Development of team operating Acceptance of team members 
Review of previously established group procedures Achievement of group hannony 
norms and amendments made based on Establishment of revised ground rules Team cohesion, team synergy 
group consensus Identification and clarification of team 
Task and purpose clarified boundaries 
Team starts to exhibit signs of group 
synergy 
Perfonning Flexibility with different procedures Identification of team development Trust, honesty, co-operation and 
being adopted needs: individual and team training confrontation 
Team has achieved synergy Efficient team member utilisation Better understanding of group processes 
Leadership based on task Identification of members strengths Satisfaction with team's progress 
Hierarchical type management and weaknesses Identification of individuals strengths 
abandoned Identification and understanding of and weaknesses 
Equal member utilisation group processes Constructive self-change 
Team development becomes the focus Ability to prevent group or work 
problems 
Close attachment to team 
Table 6.1- Teamworking Development Stages with their Features and Outputs 
6.3 Team Competence and Team Effectiveness, Aspects ofTeamworking Development 
As a team becomes increasingly effective the procedures it adopts and the characteristics it 
displays will change (Woodcock, 1979). Team system effectiveness is positively impacted as 
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teamworking development transforms from a group of individuals to a successful functioning 
unit, Gluesing et a! (2002) describes this transformation in a previous section of this report 
(2.2.3.3.1 ). 
Therefore as a team develops from forming to performing, it is advanced here that a team will 
exhibit characteristic behaviours and execute identifiable actions that can be used to 
determine the degree of team competence, i.e. how the team performs in relation to task 
and teamworking development goals. This is supported by the work of Sheard and Kakabadase 
(2002) that conclude that there are significant factors affecting teamworking development and 
transition between the stages of teamworking development. As such the objective of this sub-
section is to define team competence; identify the factors that affect team effectiveness and 
determine team competence; determine the relationship between these factors of team 
competence and the stages of teamworking development. 
6.3.1 Different Competence Perspectives 
The Training Agency (1989) states that people can mean different things by the term competence. 
Some refer primarily to the ability to perform individual tasks. Others use it to describe the 
possession of knowledge and understanding. In the context of management, the term has been 
used to refer to aspects of personal effectiveness such as creativity, taking responsibility and 
being goal-oriented or people-oriented. A human performance model (Figure 6.2) may be used to 
explain distinctions between various competence approaches, since it describes the elements of a 
situation that lead to human performance (adapted by Rothwell and Kansas, 1992). 
6.3.1.1 Description of Human Performance Model 
According to Rothwell and Kansas (1992), competence may be defined using each or any of the 
elements of the human performance model (see figure 6.2). By using any one of the elements of 
the model, the focus of the meaning of the term 'competence' may shift. For example: 
• The job situation defines when a desired performance or action is required, a competence may 
be being able to determine when to act and when not to act depending on the circumstances 
• The individual needs underlying attributes such as knowledge, skills or attributes in order to 
respond to the situation (US-based Competence System, based on competence required) 
(Fletcher, 1992). 
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• The response or action is an observable demonstration by the individual that they have both 
recognised the situation appropriately and have the necessary underlying attributes to deliver the 
required action (UK-based Competence System, based on competences available) (Fletcher, 
1992) 
• The consequences or outcomes are the standards desired (UK-based Competence System, used 
to develop the standards of performance and identify to competences required) 
• The feedback that individuals receive from the achievement or failure to achieve, guides future 
actions-(Rothwell/Kansas, 1992) (training/development = competences required- competences 
available) 
I JOB SITUATION I~ l INDIVIDUAL RESPONSE CONSEQUENCES I 
I FEEDBACK I .. 
Figure 6.2- Situation Specific Model of Human Performance (Source: Rothwcll and Kansas, 1992) 
6.3.1.2 A Situation Specific CHuman) Team Competence Model 
The study proposes a development of the Rothwell and Kansas ( 1992) model illustrated by figure 
6.2. This model development was made in an effort to understand, clarify and define the various 
aspects of team competence and to indicate the focus of this research. 
For any given task, a team is required to perform a function or to produce an identified output or 
to achieve a known goal. The team response is defined here as the resultant task realisation and 
teamworking development. This team response leads to consequences or outcomes for the team 
and/or the organisation. Information about the consequences can therefore provide feedback to 
the team. There are many aspects of team competence. These aspects may be defined in terms of 
the elements of the team competence model (developed by the author), see Figure 6.3. By using 
alternative elements of that model the focus of meaning of the term competence can shift. For 
example: 
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• The job situation defines when a desired performance or action is required. Therefore one type 
of competence is being able to determine when to act and when not to act depending on the 
circumstances. 
•The team needs underlying attributes such as knowledge, skills or abilities in order to respond to 
the situation. The underlying attributes are required by the individual team members as he/she 
performs their assigned role in the team, i.e. technical skills and expertise, personal attributes 
and abilities. 
• The response or action is an observable demonstration by the team that it has both recognised 
the situation appropriately and has necessary underlying attributes to deliver the required action. 
This element describes the task outcome (results of task realisation) and teamworking 
improvement (degree ofteamworking development) 
• The consequences or outcomes expressed as desired standards. The standards represent the task 
requirements and teamworking improvement required 
•The feedback that the team receives (about its achievement or failure to achieve) guides future 
actions-Rothwell!K.ansas, I 992. 
I JOB SITUATION I INDIVIDUAL TEAM I L RESPONSE CONSEQUENCES I 
4 4 
I 
I 
I 
I 
I ,, I 
I 
I 
I 
...... 
FEEDBACK ON FEEDBACK ON I 
I INDIVIDUAL ~ TEAM 
~ 
I 
~----------- PERFORMANCE PERFORMANCE 
,. _________ 
FEEDBACK ON FITNESS OF ___________ ,.. 
TEAM TYPE FOR PURPOSE 
Figure 6.3- A Situation Specific (Human) Team Performance (Adapted from Rothwell and Kansas, 1992) 
This segment of research is concerned primarily with the 'response' element in figure 6.3. With 
reference to this figure, the team response is the summation of teamworking developmental 
behaviours as it progresses from task initiation through to task completion and from team 
'forming' to team 'performing'. Such a response will describe team system performance and 
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determine whether the team is competent, when judged in terms of written standards. The team 
system performance must reference both teamworking development and task realisation, i.e. 
'how the team plays together' and the 'purpose the team must satisfy'. 
The starting point is to identify the output required to demonstrate competent performance 
(Hoffman 1999). As such this approach must initially identify the 'response' of a competent team 
as it performs its tasks activities and exhibits desired teamworking behaviours. This sub-section 
aims to identify the ideal teamworking behaviours exhibited by a competent team by reviewing 
current literature on teamworking development and team effectiveness. 
6.3.2 Factors Affecting Teamworking Development- Literature Results 
The literature pointed to various approaches that described the outputs of effective teams. Four of 
these approaches have been briefly documented below. All of the approaches represented herein 
assume that team effectiveness can be judged in terms of a team system's response to a given 
situation, which denotes the outputs, actions and behavioural outcomes. These four approaches 
include: 
•Borelli's (1995) model of team effectiveness used a two-step method to identify the factors that 
influence team effectiveness. Borelli's analysis was focussed initially on characterising the 
composition of teams and correlating the team characteristics with the success of the team. 
Following this analysis Borelli (1995) concluded that nine factors positively impact team 
effectiveness, namely: team cohesion; leadership; team to team interaction; problem resolution; 
degree of autonomy; goal clarity; individual and team recognition; individual and team reward 
systems; and full circle feedback. 
•Chang et a! (1995) described a more holistic view of teamwork measurement and observed that 
a team needs to measure the effectiveness of the goal as well as the way in which the team 
reaches goals, i.e. via team dynamics (and associated changes in roles, responsibilities, clear 
guidelines etc.). Chang et a! (1995) suggest that suitable measures should focus on: clarity of 
goals and objectives; achievement of results; suitability of team structure; problem-solving 
skills; support ofleadership; use of team resources; recognition and motivation of individuals as 
well as the team; conflict management; understanding of roles; effectiveness of communication; 
and creativity. 
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•Barbe's (2003) Model of Team Effectiveness identifies eleven factors for team effectiveness 
which include leadership; team size; team member skills; team structure, hierarchical or flat; 
team member interaction; team synergy (capability of whole is better than the sum of the parts); 
trust and respect; flexibility and adaptable; team planning; team member role flexibility (ability 
to substitute for each other and absentees); and training and development, aware of future 
challenges with a training and/or recruitment schedule to match 
• Sheard et a! (2002) "integrated team development framework" links the concept of having key 
factors that characterise team effectiveness to the transformation of a loose group of individuals 
into an effective team. Thereby their developed framework established linkages among three 
team effectiveness concepts, such as i) teamworking development model, forming-storming-
norming-performing (FSNP) Tuckman and Jensen (1977); ii) the transition curve which 
characterised the dynamics of personal change and is based on the ideas ofKubler-Ross (1970); 
and iii) a common set of needs that groups share which is based on proposal of Adair (1986), 
and can be categorised into three basic elements of task, individual and group. This association 
of ideas was then developed into an "integrated team-development framework" by making the 
assertion that the basic elements of need (iii) may be linked to the combined teamworking 
development (i) and the process/transition curve (ii). This concept is illustrated by Figure 6.4. 
The elements of need (iii) were then broken down into lower levels of granularity, generating 
nine key factors that collectively differentiate a loose group from an effective team which 
include: roles and responsibilities; leadership; priorities; communication; clearly defined goals; 
group dynamics; infrastructure; self-awareness; and context. 
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£8 · Non-shared assumptions about issues associated with the basic elemont by team members. 
Figure 6.4- Integrated Team-development Framework (Sheard et al, 2002) 
6.3.2.1 Comparing Previously Published Teamworking Developmental Models 
Evidently there is significant overlap among these four models of team effectiveness presented in 
the preceding section where each model identifies the observable 'response' or characteristics of 
an effective team. There appears to be a thread of commonality among these four models 
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whereby six similar factors that impact upon team effectiveness have been described by all of the 
models. These influencing factors are: 
• Goal clarity 
• Action plan development 
• Roles and responsibilities 
• Communication 
•Team dynamics and 
•Team leadership 
These six factors listed above can be used to describe the behavioural output of an effective team 
and as such can be referred to as units of team competence. Hence in this study it was decided 
that these factors should be used as a foundation for the development of a team competence 
model. 
6.3.3 Model of Team Effectiveness and Units of Team Competence 
No team exists without problems. But some teams- particularly those who have learned to 
counter negative aspects of team dynamics-seem to be especially good at preventing typical 
group problems that are known to arise. These teams exhibit a high degree of team competence, 
where team competence can be defined as the observable demonstration by the team that it has 
recognised the situation and has the necessary underlying attributes to deliver the right action. 
Team competence is determined by its performance, its effectiveness in realising its team goals 
and developing its teamworking skills. Therefore this author advances the view that in general 
teams acquire this effectiveness based on the degree to which they exhibit units of team 
competence and thereby realise goal clarity; achievable action plan development; suitable 
allocation of roles and responsibilities; effective leadership; team dynamics and effective 
communication. 
Each of these factors or units of competence is considered further under the following sub-
headings. The following discussion also draws from the broader literature of team effectiveness 
and team competence including works of Adair (1986); Barbe (2003); Borelli (1995), Caracciolo 
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(1999); Chang et a! (1995); Kur (1996); Parker (1990); Scholtes (1988); Sheard and Kakabadase 
(2002); and West (1994). 
6.3.3.1 Team Goal Clarity 
A team works best when everyone understands the team's purpose and goals (Scholtes, 1988). 
Elements of 'Team Goal Clarity' include: 
• Agreement of team's mission and how they should work to resolve disagreement 
• Agreement that the mission is workable or if necessary, agreement on how to narrow the 
mission to a workable size 
• Development of a clear vision of how to perform daily tasks that can map progress steadily 
towards defined goals 
• Establishment of team goals that are consistent with organisational goals 
• Clear definition of larger project goals and about the purpose of individual steps, meetings, 
discussions and decisions 
• Identification of what the team should be doing, goals or tasks 
• Development of a shared understanding or purpose 
•Engender a clear focus in the team on the task at hand (e.g. during team meetings teams should 
be clear about meeting agendas, times and formats) 
6.3.3.2 Team Action Plan Development 
This concerns understanding and prioritising team goals. Improvement plans should help the 
team to determine the advice, training, assistance and materials required and the guides the team 
needs to develop its schedules and identify its milestones. Elements of 'Team Action Plan 
Development' include: 
• An action plan is created and revised when needed during the project 
• A clear direction or path along which the team will progress is identified 
• A flowchart or similar document describing the project steps is produced 
• Teams refer to these documents when discussing what direction to take next 
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• The resources and training needed are known throughout the project 
6.3.3.3 Allocation of Suitable Roles and Responsibilities 
Efficient team member utilisation should be achieved such that each member's skills, talents, 
knowledge and experience is used to its full potential. 'Efficient Role and Responsibility 
Allocation' will be influenced by the following factors: 
• The team has formally designated roles 
• Each team member role is identified, where a role is the expectations a specific team member 
has about his or her job and the expectations that other team members have about that job 
• Each member understands his or her role and has accepted it 
• Those roles that belong to one person and those roles that are shared and how they are to be 
shared are well understood in the team 
• Members all accept responsibility for work assignments and the fact that they should to be 
completed on time 
• Each members' talents are deployed with respect to team activities, and no one feels left out or 
taken advantage of 
• Members' strengths, skills and principal weaknesses are determined in order to identify 
available skills of each member and his/her training and development needs 
• Assignments are evenly distributed among team members 
6.3.3.4 Claritv of Communication 
Good discussions depend on how well information is passed between team members (Scholtes, 
1988). Communication is comprised of two aspects; namely content and process. The content 
describes what is said, while the process describes how 'the what' is communicated, which 
includes both verbal and non-verbal signals. Factors that influence the 'Clarity of 
Communication' include: 
• Clarity and directness of speech 
• Simplicity and succinctness of communication 
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• Ability to listen actively, exploring rather than debating each speaker's ideas 
• Avoidance of interruption and talking when others are speaking 
• Ability to share information 
• Use of active listening skills such as paraphrasing and reflecting 
• Conveying interest in what each member is saying 
6.3.3.5 Team Dvnamics 
Teams should encourage all members to use skills and practices that make discussions and 
meetings more effective. Team dynamics refers to the relationship between team members and 
incorporate the extent to which participation is encouraged, openness and candour are promoted; 
team relationships are harmonious; the team is aware of its team processes and conflicts are 
resolved constructively (Higgs and Dulewicz, 1998). 'Team Dynamics' is comprised of six sub-
units; namely: 
• Decision-making, i.e. whether polling, consensus, voting, etc. 
• Participation, since every member has a stake in the team's achievements, everyone should 
participate in discussions and decisions, share commitment to the project's success and 
contribute their talents (Scholtes, 1988) 
• Development of ground rules, groups invariably establish ground rule for what will and will not 
be tolerated within the group 
• Awareness of group processes, group process describe how the team works together 
• Informal Team Climate 
• Conflict Resolution, there is a disagreement but the team is comfortable with this and shows no 
signs of avoiding, smoothing over or suppressing conflict 
6.3.3.6 Team Leadership Requirement 
High performing teams required effective leadership. Leadership may be defined as "inducing 
followers to act for certain goals that represent the values and the motivations- the wants and 
needs, the aspirations and expectations- of both leaders and followers. And the genius of 
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leadership lies in the manner in which leaders see and act on his/her own and their follower's 
values and motivations. " (Burns, I 978) 
A team leader must be an objective decision-maker since managing a team often involves 
working in situations of high ambiguity and uncertainty while making judgements about 
appropriate structures and processes within the team (Scholtes, 1988). Leaders are important to 
teams because they can clarify goals, build the team's commitment and confidence and create 
opportunities. 
There are four vital competencies of a successful leader (Bennis and Nanus, 1985): 
• Management of Attention: the vision of a leader should command the attention and commitment 
of those who work for and with the leader in attempting to achieve that vision 
• Management of Meaning: a leader should be a skilled communicator, able to cut through 
complexity and frame issues in simple images and language. Leaders should be expert distillers 
of information 
• Managers of Trust: trust can be viewed as the 'emotional glue' biding followers to their leader. 
• Management of Self: a leader should be adept at identifying and fully utilising team member 
strengths and accepting and seeking to develop areas of weakness. 
6.3.3.7 Matching Behavioural Indicators to Activities Associated within the Teamworking 
Development 
It was observed that measures of 'team competence' should therefore identify those behaviours 
that a team needs to exhibit to demonstrate effectiveness as it progresses through the stages of 
teamworking. For these measures to be generally applied they will need to characterise typical 
behavioural responses of a team to an identified situation. It follows that behavioural indicators 
chosen should characterise team responses in terms of outcomes, actions and observable 
performance. Bearing in mind the existing literature and the discussion presented in the previous 
sections, six principle behavioural indicators were selected which relate to the key activities that 
the team should undertake for it to achieve its function. 
It is assumed that as the team matures from one stage of team working development to another the 
competences or behavioural indicators that the team needs to exhibit will change. For example, 
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during 'forming' the team members are most concerned about role and responsibility allocation. 
As such competence unit, which concerns 'clear role and responsibilities assignment' activities 
can be expected to dominate during this stage. Similarly during stage 2, 'storming', 'team 
dynamics' can be expected to represent a prime activity helping teams to work through this 
difficult stage of teamworking development 
Table 6.2 is a new proposal, which documents key characteristics of each stage of team working 
development. The main contribution of this table is to propose a match between the six units of 
competence to the four stages of team working development. The eo-relations identified in Table 
6.2 were interpreted from discussions in previous sections of this thesis, which discussed 
observations from works of Holpp (1999); Scholtes (1988); Sheard et a! (2002); and Wellins 
(1991). 
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STAGE CHARACTERISTIC FEATURES PHYSICAL OUTPUT BEHAVIOURAL OUTPUT COMPETENCE UNITS 
Forming Conformation to established procedures and guidelines Role identification Determination of acceptable group behaviour Goal Clarity 
Constructive ideas for change rejected Allocation of responsibility Excitement, pride, tentative attachment and Action Plan Development 
Excessive talking Identification of established group norms fear (Emotional Indicators) Role and Responsibilities 
No group synergy Identification of task definition Lofty abstract discussions Assignment 
No shared understanding of team purpose Development of action plan Irrelevant discussion of problems not Clarity of Communication 
Autocratic leadership Information acquisition techniques pertaining to task Leadership 
Individual work within defined job boundaries Complaints of organisational barriers 
Lack of team structure 
Storming Willingness to experiment Detailed identification of previously Arguments increase Team Dynamics 
Honest and detailed problem solving established norms Factions develop 
Consideration of personal feelings Identification of potential alternatives to Establishment of unrealistic goals 
Team relationships become the focus established norms Disunity and tension 
More listening, less talking Resistance to task 
Characterised by openness and effectiveness 
Norming Development of systematic and methodological way of Development of team action plan Constructive criticism Goal Clarity 
working Development ofteam operating procedures Acceptance of team members Clarity of Communication 
Review of previously established group norms and Establishment of revised ground rules Achievement of group harmony Leadership 
amendments made based on group consensus Identification and clarification of team Team cohesion, team synergy Team Dynamics 
Task and purpose clarified boundaries 
Team starts to exhibit group synergy 
Performing Flexibility with different procedures being adopted Identification of team development needs: Trust, honesty, co-operation and confrontation Action Plan Development 
Team has achieved synergy individual and team training Better understanding of group processes Role and Responsibilities 
Leadership based on task efficient team member utilisation Satisfaction with team's progress Assignment 
Hierarchical type management abandoned identification of members strengths and Identification of individuals strengths and Clarity of Communication 
Equal member utilisation weaknesses weaknesses Team Dynamics 
Team development becomes the focus identification and understanding of group Constructive seJf.change Leadership 
processes Ability to prevent group or work problems 
Close attachment to team 
Table 6.2- Matching Units of Competence to each stage ofTeamworking Development 
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6.4 Task Realisation Process Thread 
Task realisation is about actually getting the job done and should lead to goal and objective 
attainment, and thereby completion of the purpose for which the team was formed and developed. 
In this research the author focused predominantly on Syer (1996) categorisation of the task 
realisation processes. His work centred on the main task processes and activities executed by 
project teams during the tenure of this project. The case study teams and test case teams 
presented in this report are all project teams and this model of task realisation presented by Syer 
( 1996) was considered most suitable to monitor the progress of these teams with respect to their 
task goals. 
Syer's (1996) description of teams focuses on a progression through four main stages of task 
realisation, namely: recognition, understanding, decision and implementation5• The sections that 
follow summarise the activities and events that occur during each stage of the task realisation and 
were compiled solely from work done by Syer (1996). 
6.4.1 Stage 1: Recognition 
During the recognition stage, a team makes initial contact with the situation. Early impressions of 
this situation may determine the ultimate success or failure of the ensuing task realisation 
process. The essence of this stage is identification of the circumstances- rather than in making a 
response. This identification activity should furnish a recognition or understanding of aspects of 
the purpose of the team and necessary tasks required to fulfil that purpose in the particular 
situation in which the team will operate. 
Key activities that might be expected during the Recognition sub-process are as follows: 
• The team is formed, members' task roles are established, interpersonal skills identified and the 
team warms up. 
• The team system is identified. The team decides on its structures and processes and clarifies its 
boundaries 
5 Syer also describes a fifth, completion stage of task realisation that concerns: follow up assessment processes, 
empowerment of process owners and release of authority. However, this research focuses only on the first four stages 
of the Syer task life cycle. 
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• The situation is identified. The team takes note of background information, the context in which 
it is to work, time allotment, materials and resources available (inputs to the team system). 
• The team regulates its process. The team decides how to develop its attributes, i.e., its need for 
consistency and how it wiii optimise performance. 
6.4.1.1 Insight Barrier 
This barrier can prevent a team moving from the recognition to the understanding stage of task 
realisation. The team may know that such a situation exists but cannot achieve sufficient focus or 
a clear resolution. Members are unable to see what is happening. They float ideas and even 
solutions but feel confused or at a loss. Clarity and direction are required to move from 
recognition to the understanding stages. In the absence of clarity and direction the team wanders 
around the first stage having no clear idea of what needs to happen or may even jump rapidly 
from awareness to decision, i.e. stage 3. 
6.4.2 Stage 2: Understanding 
At this stage the team has three prime tasks, as follows: 
To make certain that issues identified during the recognition stage are really the ones to address 
(observation and data collection) 
To collect data to clarify and amplify the nature of the situation (problem or system analysis) 
To prepare an analysis of the data that will show how to deal with the situation (recommendation 
for action) 
Key outcomes of team activity during the understanding stage can be expected to be:: 
• Widened and deepened understanding 
• Information is collected and compiled 
• Data is analysed 
Generally therefore during the understanding stage a team increases its knowledge of needed 
information in order to clarify the situation's history and possibilities for action open to the team. 
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6.4.2.1 Mobilisation Barrier 
The team may have done its research and may have a clear understanding of the situation, yet 
somehow it fails to make a final decision. There are still more factors to be weighed, more 
information to be absorbed. The team becomes bloated with information and ideas but has no 
sense of direction, no release, no commitment to a particular course of action. 
Teams that hit the mobilisation barrier know what needs to be done but fail to take the plunge. In 
system terms, they get input after input, collecting ever more energy but never releasing enough 
to push themselves over the edge and into the next stage. 
6.4.3 Stage 3: Decision 
If performed effectively, the understanding stage would have included the development of some 
form of framework for making decisions which can help weigh up the options and possibly initial 
criteria for success. The 'decision' stage finalises the criteria for success, aligns them with the 
initial objectives, generates options for action, and decides on the best course for action. 
Key threads of activity or sub-processes involved during the Decision stage of task realisation 
should achieve the following outcomes: 
• Agreement on desired outputs 
• Process establishment: the team agrees on a decision-making process that will vary according to 
the nature of the decision. Since decisions involve choice from different options, prioritisation 
criteria, both quantitative and qualitative, have to be established. 
• Finalisation of options: the team identifies the best leverage points to create change, this may 
require adding loops to reinforce a process, breaking links that block the process, shortening 
delays, encouraging certain factors to grow, curbing others and relieving limited resources. 
• Key decisions are made: the team applies it methodologies to decide on the best option. 
6.4.3.1 Commitment Barrier 
The team has taken the decision but for various reasons- lack commitment or enthusiasm- may 
not follow through. Members may not trust each other's commitment, particularly if there is 
disagreement during the decision stage. 
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The main obstacle to having an effective implementation process is likely to lack of commitment. 
This may occur because the team also lacks a genuine sense of its core values and operates 
superficially, sliding from one situation to the next. 
6.4.4 Stage 4: Implementation 
At the 'implementation' stage of task realisation the team moves on to project management. It 
has already designed, developed and implemented a process for translating ideas into actions. 
Key outcomes of the implementation activities are likely to be: 
• Set-ups and preparations: the team assembles all necessary support resources, people and 
logistics 
• Strategy of design: the team designs, plans and develops the actual strategy 
• A pilot implementation of strategy 
• Implementation of the strategy 
• Progress monitoring, the team establishes feedback mechanisms, which monitor the ongoing 
progress of the implementation strategy. 
In general these outcomes will arise from four steps within the implementation stage, namely: 
set-up, design, pilot and implement. 
6.4.4.1 Integration Barrier 
The team may have implemented its strategy but cannot make it work sufficiently well to hand it 
over and complete. It may not have found an integrated strategy to bring change into its daily 
applications. The team may continuously mull over possible variations. 
Implementation strategies are invariably a part of initiatives for change. In order to introduce 
change successfully the team must integrate the principles, actions, methods and practices 
associated with the desired outcome of the project. Lack of integration of these qualities is a 
fourth common barrier to success. Characteristics of teams at this barrier include: i) teams do the 
same thing repeatedly; ii) teams focus too much on details, imperfections and past errors-
replaying them instead of relishing new found success; iii) teams run innumerable pilots but 
never gets into production; and iv) completion is forever postponed. 
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6.5 Possible Causal Liuks between Teamworking Development and Task Realisation 
From the literature described in sections 6.2, 6.3 and 6.4, apparently there are two distinctive 
ways of viewing the process that characterise team system operation, namely: i) teamworking 
development and ii) task realisation. The former approach emphasises the importance of 
achieving satisfactory development of teamworking. The latter highlight the importance of 
satisfactory achievement of the task goals. The former approach focuses on how the team must 
organise and progressively develop itself, so that its structures, processes and behaviours reach a 
state where the team can successfully function as a unit with all needed competences to achieve 
the team's purpose. The latter approach focuses on what the team must actually do. 
The research is motivated by the need within a typical manufacturing enterprise to design and 
develop numerous project teams, each with a finite lifetime. In the context of engineering a 
manufacturing enterprise (ME) it is important that enterprise designers, and designated managers 
and members of teams, collectively understand: the purpose of one or more teams; the collective 
and individual decisions, actions, competencies, capacities, structures, processes and behaviours 
needed to achieve tasks and subtasks that lead to the fulfilment of that team's purpose; the 
required levels of performance needed to satisfy quality, timeliness and cost constraints; how to 
resolve expected and unexpected needs arising from requirements change, exceptional 
conditions; and impacts of many other factors. In view of the complexities involved here the 
author hold the following views: 
i. All needed understandings about ME project teams, such as team processes, team 
behaviours; cannot be wholly developed in advance of team working (such as when a team is 
first commissioned) unless the team is required to perform a wholly known job under wholly 
known and stable conditions. For the large majority of projects team working in an ME those 
conditions will not be satisfied. 
ii. Consequent upon (i) project teams (and their constituent team members and their leaders) 
will need to progress their individual and collective working, in order to achieve 
teamworking development requirements that match the task realisation requirements they 
uncover during the various stages of task progression. 
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iii. Activities performed by a team to achieve transitions from one stage of teamworking 
development to the next will be driven (at least partially) by task realisation requirements 
uncovered at each stage of task progression. 
iv. Consequent upon (iii), typically enterprise designers, enterprise developers, team 
designers, team managers and members might expect transitions between stages in 
teamworking development and task realisation to be synchronous (at least to some 
extent). Such an understanding might usefully be deployed in the form of a linked reference 
model ofteamworking development and task realisation. For example enterprise designers or 
developers might use knowledge about or measurements taken in respect to one set of stages 
and stage transitions to infer knowledge or information about the other set, thereby realising a 
means of monitoring, measuring and managing the progress and performance of a project 
team. 
McGarth's (1991) research on time, interaction and performance supports the views held by the 
author and detailed in (ii), (iii) and (iv). McGarth (1991) posits that all group action involves four 
modes of activity, namely: 
•Mode 1: inception and acceptance of a project (goal choice) 
·Mode 11: solution of technical issues (means choice) 
• Mode Ill: resolution of conflict, that is of political issues (policy choice) 
•Mode IV: execution of the performance requirements of the project (goal attainment) 
He also contends that there is a distinctive but parallel set of modes of activity related to 
production function (problem solving or task performance stages); member support function 
(describes the way the individual is embedded in the group); and well-being function 
(development and maintenance of the group as a system). McGarth (1991) advances a model that 
illustrates the relationship between these modes and function (See Figure 6.5) 
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FUNCTIONS 
PRODUCTION WELL-BEING MEMBER SUPPORT 
MODEl Production Demand/ Interaction Demand/ Inclusion Demand/ 
Opportunity Opportunity Opportunity 
MODE 11 Technical Problem Role Network Position/Status 
Solving Definition Attainments 
MODE III Policy Conflict Power/Payoff Contribution/Payoff 
Resolution Distribution Relationships 
"' MODE IV Perfonnance Interaction Participation 
"' 
" ~ 
Figure 6.5- Modes and Functions (Source: McGarth, 1991) 
From figure 6.5 it can be observed that McGarth couples 'Mode I' of the production function 
with 'Mode I' of the well-being function, and 'Mode II' of the production function with 'Mode 
II' of the well-being function and so on. This coupling supports the views of the author, which is 
predicated on the assumption that generally some degree of synchronisation exists between stages 
and stage transitions that occur during the execution of teamworking development and task 
realisation process threads. 
Hence, in seeking further insights into any natural coupling between the two sets of stages and 
stage transitions, characteristics of common task realisation and teamworking development 
activities, have been analysed and recorded into Table 6.3. The second column of this table 
illustrates some commonality of purpose observed at different stages of teamworking 
development and task realisation. Also indicated in this column are likely prevailing conditions 
during each stage. The forth and fifth columns of Table 6.3 provide examples of general activities 
that need to be resourced so that the stated purpose of each stage can be achieved. The forth 
column provides teamworking development based examples of those general activities, whereas 
examples in the fifth column are focused on task realisation. 
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Teamworking 
Commonality of Purpose and Task Realisation 
General Activities Needed to Achieve Stated Purpose of Each Stages 
Development 
Prevailing Situation Stage 
Focus on Teamworking 
Focus on Task Realisation 
Stage Development 
Fonning Determine who fits where? Recognition The team is formed. Team roles The essence of this stage is 
Team members are unsure about are established, needed identification of the 
the task and its demands on interpersonal skills identified and circumstances- not in making a 
them. Team members are unsure the team wanns up response. It is to identify and 
about their roles and define task requirements 
responsibilities. There is pertaining to a particular 
confusion with regard to the situation and purpose. 
initial and needed structural 
organisation and operating 
procedures 
Stonning Decide how things should work? Understanding Widen and deepen understanding Observe, generate information 
Chaos and confusion may ensue of the task to determine how the and collect data 
within the team. Discussion and team must operate and be Analyse data 
disagreement is often caused as organised to achieve the task 
roles are being decided. within defined boundaries and 
The team reviews its operating constraints. 
procedures 
Norming Achieving co-ordination. Decision Establish task realisation and The team aligns decisions with 
The team will establish norms coordination processes. The team the initial objectives, generates 
and set boundaries and ground agrees on a decision-making options for action, and decides 
rules that facilitate co-ordination process that will vary according on the best course for action. 
to the nature of decisions made. Since decisions involve choice 
from different options, 
prioritisation criteria, both 
quantitative and qualitative, have 
to be established 
Perfonning Realising Goals Implementation The team is now involved in Design the strategy, the team 
The team works together towards project management (scheduling, designs, plans and develops the 
common goals, productivity and co-ordination, monitoring and actual strategy. The team also 
team development controlling) as well as task pilots the implementation of 
realisation. strategy and implements the 
strategy 
Table 6.3- Team working Development versus Task Realisation 
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6.6 Conclusions 
Team system operation was characterised with respect to two main threads of process, namely: i) 
teamworking development and ii) task realisation. Teamworking development stages transform a 
group of individuals through FSNP stages into an efficient functioning unit. The FSNP model 
developed by previous research and founded on the works of Tuckman and Jensen (1977) was 
described. 
Team working development was also described with respect to units of team competence. Here it 
was posited that an effective team exhibits six units of competence that facilitate the transition of 
the team from one stage of teamworking development to another. These six units of team 
competence were observed to be: goal clarity, action plan development, suitable role and 
responsibility allocation, clarity of communication, team dynamics and effective leadership. 
A previously defined four-stage model of task realisation was also reviewed, where task 
realisation was defined as the processes (and their elemental activities) that a team performs as it 
effectively executes the task assigned and thereby achieves task goals. The four stages of this task 
realisation model were recognition, understanding, decision and implementation. 
Further, a rational basis was provided to support the argument that stages and stage transitions of 
teamworking development may be naturally linked to equivalent stages and stage transitions of 
task realisation. Although this proposition was made bearing in mind that the degree of coupling 
between teamworking development and task realisation might not be the same for all types of 
team and task. Figure 6.5 provided a theoretical basis of support for this notion and is based on 
previous literature. Also table 6.3 offered some theoretical backing to the proposition that 
"causal links will normally exist between stages and stage transitions found in teamworking 
development and task realisation and that consequently one might predict some degree of 
synchronism to be exhibited between teamworking and task progression." 
In the next chapter of this thesis the above proposition is tested using data elicited from four case 
study teams. 
6.6.1 Contributions to Knowledge 
Figure 6.6 visually represents new knowledge generated and reported in this chapter. Based on 
literature reviewed, a rational basis is argued for the proposition that stages and stage transitions 
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of task realisation may be naturally linked to the stages and stage transitions of teamworking 
development. Also observed was that functional roles, team roles and team characteristics all 
impact teamworking development during team system operation phase ofDBOM life cycle. Also 
recognised is that task realisation is influenced by member characteristics, functional roles and 
the task definition. 
It follows that this chapter provides a theoretical basis that supports the notion that team systems 
can be effectively characterised by inter-related processes and activities. However, for such a 
process-oriented (and holistic) view of team systems engineering to be successfully developed, 
experimentally tested and deployed in specific MEs, suitable means of representing, analysing 
and enacting multiple dependent process models need to utilise: both as an integral part of this 
research and subsequently as a means of delivering both generic and semi-generic knowledge 
about team systems 
Team System 
Engineering Life 
Cycle (DBOM) 
TEAM SYSTEM 
DESIGN 
TEAM SYSTEM 
BUILD 
TEAM SYSTEM 
OPERATE 
TEAM SYSTEM 
MAINTAIN 
I 
Task Definition 
» f-{} 1-<1 
Members I 
Fharacteristics n I 
T"k 
Realisation 
Figure 6.6- Team System Engineering Life Cycle 
T"k Team 
Charact istics Characteristics 
Functional Roles Team 
n I Roles 
Teamworking 
Development 
I-
Monitoring 
Maintenance 
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7 CASE STUDY WORK- TEAM SYSTEM OPERATION 
The preceding chapters of this study presumed that benefits can be accrued by developing a 
coherent and comprehensive view of team systems engineering, namely the DBOM life cycle 
model. The first three phases of this model, i.e. design, build and operate, were considered in 
detail and the key variables that impact on the life phases were identified. The information 
generated and conclusions deduced were used to augment team systems knowledge. 
In chapter 6, the key variables that influence team system operation were analysed. This analysis 
indicated the complexity of the "0" phase of the team systems engineering life cycle (DBOM). 
For example, this analysis hinted that stages and stage transitions of teamworking development 
might naturally be linked to the stages and stage transitions of task realisation. Therefore, in order 
to facilitate a better understanding of team systems engineering specifically with respect to team 
systems operations a case study research was designed. 
The underlying research questions investigated during this study were: 
• What activities does a team system perform during the task realisation stages 
• What behaviours does a team system and team system entities exhibit during the stages of 
teamworking development 
• Might there exist a natural link between the stages and stage transitions of team working 
development and task realisation 
• What are the key variables of team system operation and what impact do these variables have on 
team system performance particularly with respect to teamworking development and task 
realisation 
With the intention of providing answers to aspects of the research questions outlined above, this 
study sought to: 
i. Enable testing of the notion that there might be an inherent link between teamworking 
development and task realisation stages and stage transitions 
ii. Identify and where possible explain via causal relationships those factors that influence 
effective team performance particularly with respect to facilitating and targeting progression 
through teamworking development and task realisation stages. 
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To achieve (i) and (ii) a multiple case study design was conceived. The intention was that a 
multiple case design should generate sufficient evidence to support or disprove given notions 
being tested. 
7.1 Background to Test Cases 
Initial data used to test the notion that teamworking development and task realisation are 
essentially synchronous was elicited from observations about the behaviours of four project 
teams. The four teams shared a common aim; namely to create process oriented models of a 
Manufacturiog Enterprise (ME) and to utilise those models to predict enterprise responses to 
changing requirements and environmental conditions. The four project teams conducted this 
work as part of a course module offered for Masters and Undergraduate programmes at 
Loughborough University. Participating teams had to accomplish the following: 
• Invent their own manufacturing organisation: complete with a detailed description of its 
constituent business processes and activities; 
• Allocate human and technical resources with competences and capacities needed to achieve 
specified business processes and activities of the fictitious manufacturing organisation; and 
• Use qualitative and quantitative systems modelling methods to create simulation models of the 
specified business processes, in order to predict and analyse the impact of possible process 
changes 
The data was observed in respect to 19 students working in four teams, each with four or five 
members. Fourteen of these students were postgraduates and formed three postgraduate teams. 
The remaining five became an undergraduate team. 
The undergraduate team comprised members with similar cultural backgrounds, who knew each 
other prior to project work. This team composition had marked differences from that of the other 
teams. This could not be avoided because their class schedule was unlike that of the other 
students and as such their possible project working times did not coincide with that of the other 
students. The undergraduate team also had approximately half the timetable time to devote to the 
project, compared to the other three groups. 
Team member selection within the other three teams was based on a mix of experience, cultural 
background and gender distribution, and was independent of any personality-based test. This was 
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to replicate team selection conditions that exist in many organisations where teams are not 
allowed the luxury of choosing its members based on best-fit personality or skill but rather from 
members that are available at the time of the project. 
The behaviour of each team system was monitored and recorded during the lifespan of the project 
in order to identify and document the following: 
• Length of time spent on each stage of task realisation 
• Behaviours, events and activities associated with each task realisation stage 
• Times of transitions from one task realisation stage to another and corresponding behaviours, 
events or activities exhibited 
• Length of time spent on each stage of teamworking development 
• Behaviours, events and activities associated with each stage of team working development 
• Times of transitions from one team working development stage to another and the corresponding 
behaviours, events or activities exhibited 
7.2 Data Collection Techniques 
Data collection techniques adopted for the multiple-cases relied on data source triangulation. 
Three sources of evidence were used for data collection: documentation; physical artefacts and 
direct observations. The data collection techniques employed are summarised below in Table 7 .I 
along with their characteristic strengths and weaknesses. 
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No Source Of Evidence Strengths Weaknesses 
I Documentation Stable~ can be reviewed repeatedly Retrievability~ can be low 
Unobtrusive~ not created as a result of the case study Biased selectivity, if collection is incomplete 
Exact-contains exact names, references, and details of events Reporting bias~ may reflect bias of author 
Broad coverage~ long span of time, many events and many Access~ may be deliberately blocked 
settings 
2 Direct Observation Reality~ covers events in real life Time-consuming 
Contextual~ covers context events Selectivity~ unless broad coverage 
Reflexivity~ event may proceed differently 
because it is being observed 
Cost~ hours needed by human observers 
3 Physical Artefacts Insightful into cultural features Selectivity 
Insightful into technical operations Availability 
Table 7.1- Three Sources of Evidence: Strengths and Weaknesses (Yin, 1984) 
7.2.1 Documentation 
Documentary information is likely to be relevant to every case study topic (Adams, 1985). 
Documentary information generated from this study included: intra-team memorandums and 
letters; team meeting agendas and minutes records; and team administrative documents. 
7.2.1.1 Intra-team Memorandums 
Intra-team memorandums and letter, in addition to all other correspondence used within each 
team was conveyed using e-mail and copies of correspondence were stored within the Case Study 
Database. These correspondence provided information concerning team meeting times and 
location; request for consultation; team meeting records circulation; and correspondence between 
the teams' observer and the teams. 
7 .2.1.2 Team Meeting Records 
Team Meeting Records encompassed agendas and meeting minutes. Though individual members 
carried out assignments between team meetings, much of the work of each team was done when 
all team members came together during meetings (Scholtes, 1988). The basic rules were followed 
to ensure conformity of record keeping included: 
•The use of a standard agenda format and structure (see Appendix 4-i for 'Agenda Template') 
each meeting had an agenda. Agendas should include the following information: the agenda 
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topic; a time guideline for each item and an item type (whether the item requires discussion or 
decision). 
• Documenting Meeting Minutes using model Meeting Minutes Record Form (see Appendix 4-ii 
for 'Team Meeting Records') for team meeting are important. These records will act as the 
primary form of determining how far the team has progressed with regards to the execution of 
the task. 
7.2.1.3 Team Administrative Documents 
Team administrative documents such as Team Ground Rules and Operating Policies were used to 
identify and describe team norms and team operating procedures. These documents provided 
information regarding project description; project objectives; assessment criteria; meeting plans; 
team member descriptions; basic team rules and so on. Appendix 4-iii also portrays the content of 
the information collected from each of the four teams 
7.2.2 Direct Observation 
Direct observations ranged from formal to casual data collection activities. For these case studies 
observation protocol were developed as part of a broader case study protocol. Team behaviour, 
i.e. degree of teamworking development; during weekly team meetings was observed and 
recoded by the team observer (the author). To improve the reliability of the observational 
evidence, a common procedure was adopted and this is described below. It should be noted that 
the team observer was responsible for collecting and documenting observational evidence during 
team meetings. 
7.2.2.1 Pumose of the Team Observer 
The team observer's purpose was to observe and document team working development. During 
each team meeting that the team observer attended, the main areas of concern included observing: 
• The operating procedures of the team, i.e. team operation during the tenure of the project, i.e. 
from one meeting to another and documenting changes in the team's method of working 
• The application of each team's 'Ground Rules' which were documented using Appendix 4-iii 
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• The degree of team working development and the behavioural characteristics exhibited by each 
team 
• The transitions made from one stage of teamworking development to another during the tenure 
of the project, i.e. monitoring and recording the progress ofteamworking development from one 
meeting to the next 
• The degree of task realisation and the activities and events performed by each team 
• The transitions made from one stage of task realisation to another during the tenure of the 
project, i.e. monitoring and recording the progress of task realisation from one meeting to the 
next 
The meetings that the team observer attended proceeded according to the following format: 
• The team leader conducted the meeting according to the agenda (Team Meeting Agendas should 
have been distributed on the day prior to the meeting) 
• Team observer documented his/her observations on the form also illustrated in Appendix 4-iv 
•At the end of the meeting the team leader and team members determined where the team's 
progress with respect to its teamworking development stages (F-S-N-P model) 
• The team clarified issues and concerns if any exist. 
Any observations made by the observer during each of these meetings were to be recoded 
consistently the format ofthe document shown in Appendix 4(iv) 
7.2.3 Physical Artefacts 
A final source of evidence used with respect to the four case study teams was physical artefacts 
which were (a) the project teams' interim reports and final reports, that included descriptions of 
enterprise models and results obtained from using those models and (b) results from each team's 
systems operation, namely: Teamworking development tests and Belbin Team Role Self-
Perception Inventory. 
It should be noted that two independent observers marked each team's report. The reports were 
marked with respect to their quality of content and presentation. The project supervisor marked 
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the report structure, while experts in the field of Systems Modelling graded the models generated 
and documented within the team reports. 
7.2.4 Criteria for Judging the Quality of Research Designs 
Because a research design is supposed to represent a logical set of statements, the quality of a 
research design can be judged according to certain logical tests. Table 7.2 lists the four tests and 
the case study tactics for dealing with them. These four tests may be considered relevant in 
judging the quality of the research design. In designing and doing case studies, various tactics are 
available to deal with these tests. 
TESTS CASE STUDY TACTICS PHASE OF 
RESEARCH 
Construct Validity: establishes correct operational measures for the concepts to be studied. Use of multiple sources of Data Collection 
To meet construct validity, an investigator must be sure to cover two steps: evidence 
Select the specific types of changes that are to be studied and 
Demonstrate that the selected measures of these changes do indeed reflect the specific types 
of change that have been selected 
Internal Validity: (for explanatory or causal studies only, not for descriptive or exploratory Do pattern-matching Data Analysis 
studies) establishing a causal relationship, whereby certain conditions are shown to lead to Do explanation-building 
other conditions, as distinguished by spurious relationships 
External Validity: establishing the domain to which a study's findings can be generalised. Use replication logic in Research Design 
Generalisation of the case study so that it contributes to theory is important. multiple case studies 
Generalisation can only be performed if the case study design has been appropriately 
infonned by theory, and can therefore be seen to add to the established theory. The method of 
generalisation for case studies is not statistical generalisation, but analytical generalisation in 
which a previously developed theory is used as a template with which to compare the 
empirical results of the case study. If two or more cases are shown to support the same 
theory, replication can be claimed. The greater the number of case studies that show 
replication the greater the rigour with which a theory has been established. 
Reliability: demonstrating that the operations of a study· such as data collection procedures· Use case study protocol Data Collection 
can be repeated, with the same results. The objective is to be sure that if a later investigator Develop case study data base 
followed exactly the same procedures as described by the earlier investigator and conducted 
the same study all over again, the findings and conclusions should be the same. One pre-
requisite for allowing this other investigator to repeat an earlier case study is the need to 
document the procedures followed in the earlier case. 
Table 7.2- Criteria for Judging the Quality of Research Design (Yin, 1984) 
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In summary, the data for the study was derived from: 
• Team meeting records and Team Observer reports; which were used to determine the 
characteristic properties of the task realisation process, i.e. the extent to which the team 
executed its task and achieved project task goals from one semester week to the next 
• Team meeting records and Team Observer reports; which were used to determine the 
characteristic properties of the teamworking development process, i.e. the extent to which the 
teams exhibited the behaviours required to progress from one stage of teamworking 
development to another 
• Team meeting records and Team Observer reports, which were used to determine stage of task 
realisation progression and teamworking progression from one semester week to the next 
• Comparable, quantified measures of each teams' performance were made. Team performance 
assessments were made largely on the basis of the quality of interim group reports and final 
group reports 
The information collected from the four case study teams have been tabulated and included into 
Appendix 5. In these tables, the activities, actions, events and behaviours that each team executes 
and performs as it progresses through its teamworking development and task realisation stages 
have been recorded. 
7.3 Development of Generic Reference Models 
Prior to analysing the actual progress made by the case study teams, general predictions were 
made about expected task realisation progress. The predictions made were based on theories 
outlined in earlier sections of this paper and are summarised into Table 7.3. The idea here was to 
develop a general reference model to inform task progression measurement. This generic 
reference model can position actual task realisation activities relative to general task 
decomposition and execution, and thereby for any specific team can help determine (i) the current 
stage of task realisation and (ii) the occurrence of stage transitions, between stages of task 
realisation. 
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TASK EXPECTED TASK ORIENTED ACTIVITIES NEEDED 
EXPECTED TASK DECOMPOSITION & TASK 
REALISATION TO REALISE TRANSITION TO NEXT TASK 
REALISATION ACTIVITIES 
STAGE REAL! SA TION STAGE 
Recognition Identification of project tasks; task definition; project goals, Identification of the team's objectives 
project constraints, performance metrics Development of an action plan 
Allocation of jobs within the team (functional roles} 
Initial task decomposition 
Initial individual task assignment 
Understanding Collection of information about different types of product and Primary data collection needs to be finished 
their manufacturing processes Team needs all necessary information to decide how to 
Uses of information to generate clear understandings about the proceed 
Manufacturing Enterprises, Departmental Entities; Business Team needs to develop a revised action plan 
Processes and Enterprise Activities, required to realise the 
manufacture of each of the products options being considered 
Decision Team chooses the product and sets about inventing their own The key decision has been made and the team discusses 
manufacturing organisation complete with a detained description the reason for its choice to ensure consensus 
of its constituent business processes and activities. A schedule of work is developed which identifies the 
Team determines how to allocate human and technical resources resources to-be committed, timescales, milestones, 
to these business processes and enterprise activities. deliverables 
Identification of measures of success 
Identification of expected benefits 
Implementation Uses qualitative and quantitative modelling methods to create Each team was given similar deadlines for submission of 
simulation models ofthe 'as is' and 'to be' processes both the interim and final reports. These dates ensure that 
Monitors it progress with respect to its schedule and goals the projects do not continue indefinitely. The project 
originally developed teams were given definite start and finish dates. 
Table 7.3-General Reference Model of Task Progression Developed to Inform Task Progression Measurement 
Similarly before analysing the actual progress of the case study teams, general predictions were 
made about the likely progress of teamworking development. Again prediction was based on 
theories described in earlier sections of this chapter and were entered into Table 7.4, so as to 
provide a generic reference model of teamworking development. The purpose of this general 
reference model was to help determine (I) current stage ofteamworking development and (2) the 
occurrence of stage transitions, between stages of team working development. 
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TEAMWORKING 
TEAMWORKING ACTIVITIES AND BEHAVIOURS ACTIVITIES EXPECTED TO BE NEEDED TO 
DEVELOPMENT 
ANTICIPATED AT EACH DEVELOPMENTAL STAGE ACHIEVE STATE (STAGE) TRANSITIONS 
STAGE 
Forming Group initially coming together Team structure provided 
Communication is polite as true feelings are withheld Regular meeting schedules established 
Ideas are simple Roles, tasks and responsibilities clarified through 
Acceptable things are said discussion 
Feedback is minimal Participation encouraged by all 
Members are getting to know each other and settling in Learning about other's expertise, needs, values and 
Strong dependence on team leader preferences is facilitated 
Members encouraged to ask questions in team meetings 
Storming Marked by competition and conflict Have members explain why their ideas are useful and 
Members try to find their role within the team how they may be improved 
Members assert themselves, their views and opinions Formal role clarification process conducted 
Authority,leadership and positions challenged Norms, supporting expressions of different views, have 
Lack of collaboration and competition for control been established 
Highest levels of participation Members encouraged to state how they feel and to 
Little group identity express views on issues 
Lower quality outputs, outputs a compromise because of severity Members given needed resources to do their job 
of conflicts within the team 
Discuss and establish team processes and ground rules 
Norming Individuals start to settle into their team roles Team rules and norms have been challenged and 
Team members attitude shifts from one of competition to one of questioned 
collaboration Consensus taken and challenging problems have been 
Team identity starts to emerge discussed 
A greater degree of individual strengths and weaknesses Means of delegating have been established 
Team ground rules established Feedback requested and enabled 
Systematic and synergistic methods of working are determined Open discussions about individual issues are enabled 
Performing High levels of creativity, openness and trust observed Assumptions, norms and traditional ways of behaving are 
Feelings of warmth towards other members questioned 
Easy acceptance of different views Self-assessment mechanisms develop~ the group 
High levels of achievement felt Each member's contribution is celebrated 
Group takes time out to socialise Members potential developed to its fullest, through task 
Use of team performance measurements established assignments, training, education and feedback 
Output quality high and team productivity high 
Table 7.4- General Reference Model ofTeamworking Progression Developed to Inform Teamworking 
Progression Measurement 
It follows that tables 7.3 and 7.4 were conceived to act as "standards" against which the progress 
of the four case study teams could be observed and measured. To complement the use of this 
framework for progress observation and progress measurement, separate means of measuring the 
actual performance of teams, with respect to results delivered were also developed for use at 
specific times during project execution. 
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7.4 Experimental Results and Observations 
This research sought to test the notion that transitions between stages of teamworking 
development will naturally be linked to transitions between stages of task realisation with the 
newly formed case study teams executing an entirely new task. Here it was decided that this 
notion could be investigated by generating a common plan of task and teamworking progression 
for the four case study teams prior to team start-up, where that plan is based on the assumption 
that there is such a link. Following which the actual task and team progression of the four teams 
could be observed and measured, by using the general reference models of task progression and 
teamworking progression described in section 7.3 (and characterised by Tables 7.3 and 7.4 
respectively), so that actual case study teams progression can be compared against the common 
plan generated and inferences drawn out. 
7.4.1 Development of a Planning Reference Mode/for Case Study Teams 
The expected progression of the team system from one stage of task realisation to another was 
derived from the teams' project. This plan is shown in Table 7.5, which documents the sub-tasks 
within the project and expected start and finish-dates and predicted duration of each sub-task .. 
Table 7.5 is essentially a common task plan for all four case study teams. This task plan was 
generated as an interim step towards developing a common plan of task and teamworking 
progression for the four study teams. The interim step centred on developing task decompositions 
and task activities at a fairly high level of abstraction, bearing in mind the specific purpose of the 
four study teams described in section 7.1, and their need to accomplish those tasks in a ten week 
period. The common task plan documents the main sub-tasks that would be expected and fits 
these into the available timeframe bearing in mind the authors' experience of being involved in 
other similar projects with industrial companies. 
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NO SUB-TASK DESCRIPTION ' I TIME LINE, WEEK !TO WEEKlO 
I .::> 
' -' I I ' 2 I 3 ·I 4 5 6 1 1 8 9 I 10 
RECOGNITION 
I Identification of Measurable Objectives 
2 Identification of Project Constraints 
3 Determination of Project Goals 
4 Decomposition of Objectives into Task Activities 
5 Development of an Assessment or Evaluation Scheme 
UNDERSTANDING 
6 Data Collection 
7 Types of Products and their Manufacturing Processes 
8 Generation Information for each product option which will include: 
Manufacturing Enterprises and their Operation 
Manufacturing Process Employed 
Main Business Processes 
Enterprise Activities 
Advantages of Each Option 
Disadvantages of Each Option 
PROJECT ASSESSMENT- INTERIM REPORT • DECISION 
9 Decide on the product type 
10 Identify the Manufacturing Organisation 
11 "Identify the ""as is"" Business Processes" 
IMPLEMENTATION 
I2 "Use CIMOSA Templates to represent the ""as is'"' Business Processes" 
13 "Use Causal Loop Diagrams to represent the ""as is"" Business Processes" 
I4 Identify possible changes or development of Business Processes 
I5 Determine possible "to be"" Business Processes" 
I6 "Use CIMOSA Templates to represent the ""to be"" Business Processes" 
I7 "Use Causal Loop Diagrams to represent the ""to be"" Business Processes" 
I8 Identify the Business Process to be simulated 
I9 Simulate Business Process using Ithink Model 
PROJECT ASSESSMENT- FINAL GROUP REPORT 
• 
Table 7.5- Common Task Plan for Case Study Teams 
Having generated the common task plan shown in Table 7.5, the next step taken was to use a 
simple synchronisation rule that assumes a direct (one to one) 'connection' between task 
realisation and teamworking progression, so as to develop the teamworking aspect of the 
common progression plan for the case study teams. The resultant case study reference plan is 
shown in tabulated form in Table 7.6 and Figure 7.1 shows graphically predicted rates of 
teamworking development and task realisation. 
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SEMESTER 
WEEKS TEAM LIFE CYCLE STAGE TASK LIFE CYCLE STAGE 
I I FORMING I RECOGNITION 
2 I FORMING I RECOGNITION 
3 2 STORMING 2 UNDERSTANDING 
4 2 STORMING 2 UNDERSTANDING 
5 2 STORMING 2 UNDERSTANDING 
6 3 NORMING 3 DECISION 
7 4 PERFORMING 4 IMPLEMENTATION 
8 4 PERFORMING 4 IMPLEMENTATION 
9 4 PERFORMING 4 IMPLEMENTATION 
10 4 PERFORMING 4 IMPLEMENTATION 
Table 7.6- Case Study Planning Reference Model of Teamworking and Task Progression 
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Figure 7.1- Graphical Representation of the Case Study Planning Reference Model 
Based on this simplest of planning assumptions Table 7.6 and Figure 7.1 predict that all four case 
study team systems should reach maturity some time in week 7, i.e. they should exhibit 
behaviours of the performing stage of teamworking development and execute activities and 
events expected of the implementation stage of task realisation, and then continue in this state 
until the end of the project. 
However it was understood that this synchronisation assumption was very simplistic and that in 
reality transition barriers might well inhibit teamworking progression. For example it was 
understood that it would be difficult within a 10 week time span for the teams to achieve the high 
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levels of trust needed to reach the performing stage of team working development. Figures 7 .2, 
7.3, 7.4 and 7.5 respectively illustrate team systems operation progress with respect to i) 
teamworking development and ii) task realisation achieved by teams 1, 2, 3 and 4 which was 
determined from information contained in Appendix 5. 
7.4.2 Team 1 Progression 
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Figure 7.2- Actual Development of Team System l 
From Figure 7.2 it can be observed that, for Team I teamworking development and task 
realisation progressed essentially synchronously during the early and latter stages of the project. 
Further, the development behaviours of team I (see Figure 7.2) are fairly well correlated with the 
Case Study Planning Reference Model, described by Figure 7 .1. Indeed Team I task realisation 
stages and stage transitions proceeded much as predicted. Whereas the teamworking development 
aspect of team progression showed greater variation from the Planning Reference Model, 
particularly over the weeks 5 to 8 period; first leading the task realisation aspect then lags behind 
it. 
On close inspection of case study data collected about Team 1, it was noted that greatest 
difference between team and task behaviours occurred in respect to the stage 2 to stage 3 
transition. Indeed Team 1 spent much of its time in the understanding stage of task realisation, as 
it sought to define its task requirements. Additional interpretations drawn from patterns of Team 
1 's behaviour are listed in Table 7.7. 
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Stage Transition Stimulus (Moxon, 1993) Analysis of factors Using Known References 
Transition 
Forming to Moving from Stage 1 to Stage 2 requires: Because this team's members knew each other previously, they advanced rapidly 
Storming Moving from 'getting to know each through the getting to know each other stage. 
other' to working on purpose and goals Hofstede (2001) defines culture as 'the collective programming of the mind that 
'Letting go' of comfortable discussion distinguishes the members of one group or category of people from another.' He 
and starting to take real risks and sharing continues to say the 'culture can be defined as the interactive aggregate of common 
real feelings, possibly with resultant characteristics that influence a human's group in the same way personality determines 
personal attacks by others the uniqueness of an individual.' Because the members of this team were from the same 
country, they exhibited a high degree of common characteristics that aided their ability to 
work as a team. 
Storming to Moving from Stage 2 to Stage 3 requires: Tombs (1997) states that some groups may either progress at different speeds through 
Norming Changing members' behaviour: members the stages or may skip some stages. The author postulates that Team one sped through 
become willing and able to listen to and this stage and consumed the least amount of time in this stage because of the following 
understand each other instead of reacting reasons: 
and jumping to conclusions. This team exhibited all of the positive indicators of winning teams identified by Belbin 
Individuals stop defending their own (1981) 
view and accept that they may be wrong The members of this team were from the same country and as such their attitudes and 
or that others may have better ideas behaviours were similar. 
Norming to Moving from Stage 3 to Stage 4 requires: As groups move through the team cycle from forming to performing, two underlying 
Performing Unanimous agreement by all members traits develop strongly: the level of openness and the depth of trust between individuals 
since there has to be a high level of (Moxon, 1993). Peam et al (1998) states that the foundation of all group work is trust 
mutual trust by all parties to operate at and it is the interwoven threads throughout the stages and cycles of a team's life. During 
that level their socialising, Team 1 members communicated openly, group identity intensified and 
Requires a high level of trust in others by increased the levels of trust within the group. 
the individual 
Table 7.7· Interpretation of Results from Team l 
7.4.3 Team 2 Progression 
From Figure 7.3 it is evident that the teamworking development and task realisation behaviours 
and activities of Team 2 were not synchronous. However, there was some correlation between the 
task realisation aspect of Team 2's progress and that predicted by the Case Study Planning 
Reference Model (described by Figure 7.1). However Team 2's task realisation progress 
regressed in week 9. Close inspection of Team 2's case data showed that this team probably spent 
insufficient time in the understanding stage of task realisation and that this haste and consequent 
poor understanding of project goals caused the later regression. Little correlation was observed 
between the actual teamworking development progress made by Team 2 and the predicted 
progression of the Planning Reference Model. In fact Team 2 lingered in the forming stage for 
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the first four semester weeks, before reaching the storming stage. It remained in storming for a 
further four weeks before reaching the norming stage in week 3. After spending a week at the 
norming stage Team 2 regressed back to storming where it remained until the end of the project. 
Team 2's teamworking development aspect never actually matured. 
Apparently for Team 2 some synchronisation existed between teamworking development and 
task realisation early in the project, i.e. up to week 3. But little evidence of synchronisation was 
found beyond that point in time. Key factors influencing the progress of Team 2 are outlined in 
Table 7.8. 
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Figure 7.3- Actual Development of Team System 2 
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Stage Transition Stimulus (Moxon, 1993) Analysis of Factors Using Known References 
Transition 
Fanning to Moving from Stage 1 to Stage 2 requires: Moxon (1993) states that the stimulus to move from stage 1 to stage 2 
Storming Moving from 'getting to know each other' to working on of the team life cycle is usually provided, if not by the leader then by a 
purpose and goals group member's desire to progress and start actioning things. Two 
'Letting go' of comfortable discussion and starting to members of this group, the team leader and team scribe provided this 
take real risks and sharing real feelings, possibly with stimulus. 
resultant personal attacks by others Bellard (200 1) states that when a team is confronted with a problem, 
different culture can provide different perspectives, which have the 
potential of more creative and innovative solutions. As such this team 
had the added advantage of being cross-cultural. 
Stonningto Moving from Stage 2 to Stage 3 requires: After completion of stage 1 of team development. Team 2 progresses to 
Nonning Changing members behaviour: members become will Stage 2 in week 5. Then team 2 spends four weeks in Stage 2. This was 
and able to listen to and understand each other instead of probably because: 
reacting and jumping to conclusions. This team did however, exhibit the majority of indicators of 
Individuals stop defending their own view and accept unsuccessful teams identified by Belbin (1981) such as poor morale; 
that they may be wrong or that others may have better variations in culture generating different personalities; poor team 
ideas composition with respect to team roles 
A disadvantage for multicultural team is that different perspectives may 
not be encouraged and as such these differences may be suppressed by 
the desire to conform to team culture (Bellard, 2001). This team's 
development suffered from miscommunication among its members and 
cultural differences in resolving conflicts 
Normingto Regression from Stage 3 to Stage 2 requires: Peam et al (1998) states that the foundation of all group work is trust 
Storming Team atmosphere changes from an open informal nature and it is the interwoven threads throughout the stages and cycles of a 
(Regression) to a tense and confrontational nature team's life. This team had low levels of trust and as such 
Levels of conflict increase and no clear decision being communication between some of the members was not open and 
reached sometimes even nonexistent. 
Another factor that may have led to this team's regression is that of the 
team leader's role in managing conflict. One of the main responsibilities 
of any team leader is to resolve conflicts (Phillips 1997). The two key 
goals of the team leader are to remain impartial and to facilitate 
understanding among team members (Phillips 1997). In this cliques 
were fanned 
Table 7.8- Interpretation of Results of Team 2 
7.4.4 Team 3 Progression 
Figure 7.4 offers little evidence to support the proposition that teamworking development and 
task realisation stage behaviours was closely coupled in the case of Team 3. Further, although 
some correlation was observed between actual (Figure 7.4) and predicted (Figure 7.1) stage 
behaviours for Team 3, the correlation was stronger in respect to task realisation than it was for 
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teamworking development. Team 3 lingered in the forming stage of teamworking development 
for 5 weeks and moved to the storming stage for the remainder of the project. Therefore it never 
really approached a mature state, and it was never observed as functioning as a holistic unit. 
Table 7.9 interprets case data on Team 3 and explains how transition barriers impeded the 
teamworking development achieved. Relative to the Planning Reference Model it can also be 
deduced that Team 3 spent less time than ideal on task understanding and too much time on task 
recognition. 
None the less, Figure 7.4 indicates that team 3 progressed through all stages of task realisation 
during its I 0-week lifetime. It spent four weeks recognising project goals and requirements and a 
further two weeks understanding the customer requirements of the project. Subsequently task 
realisation for Team 3 progressed to the decision stage where it remained for one week. In week 
8, Team 3 progressed onto task implementation, i.e. stage 4 of task realisation. 
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Figure 7.4- Actual Development of Team System 3 
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Stage Transition Stimulus (Moxon, 1993) Analysis of Factors Using Known References 
Transition 
Fanning to Moving from Stage 1 to Stage 2 requires: Moxon (1993) states that the stimulus to move from stage I to stage 2 of 
Stonning Moving from 'getting to know each other' to the team life cycle is usually provided, if not by the leader then by some 
working on purpose and goals group member's desire to progress and start actioning things. Such a 
'Letting go' of comfortable discussion and stimulus was provided by the team leader 
starting to take real risks and sharing real Bellard (2001) states that when a team is confronted with a problem, 
feelings, possibly with resultant personal attacks different culture can provide different perspectives, which have the 
by others potential of more creative and innovative solutions. As such potentially 
this team had the added advantage of being cross-cultural. 
Stonning to Moving from Stage 2 to Stage 3 requires: After completion of stage 1, Team 3 progresses to Stage 2 in week 6. 
Nonning Changing members' behaviour: members become Team 3 did not develop past stage 2. This was probably because: 
willing and able to listen to and understand each The team exhibited the majority of indicators of unsuccessful teams 
other instead of reacting and jumping to identified by Belbin (1981) such as poor morale; variations in culture 
conclusions. generating different personalities; poor team composition with respect to 
Individuals stop defending their own view and team roles 
accept that they may be wrong or that others may A disadvantage of having a multicultural team is that different perspectives 
have better ideas may not be encouraged and as such these differences may be suppressed 
According to Tombs (1997) certain groups may by the desire to confonn to team culture (Bellard, 200 I). In such cases, the 
get stuck before reaching the perfonning stage cultural differences are perceived as primary sources of conflict and 
and so never be very effective. The 'stonning' miscommunication (Bellard, 2001). This appeared to be the case with this 
stage is never completed and the team will team. This team's development suffered from miscommunication among 
continue 'off-stage' throughout the whole process its members and cultural differences in resolving conflicts 
and its perfonnance will suffer (Tombs, 1997). Another factor that may have led to this team's regression arose because of 
the team leader's role in managing conflict. One of the main 
responsibilities of any team leader is to resolve conflicts (Phillips 1997). 
The two key goals of the team leader are to remain impartial and to 
facilitate understanding among team members (Phillips 1997). In the case 
of Team 3 most of the conflicts and personality clashes occurred between 
the team leader and the team scribe. 
Table 7.9- Interpretation of Results of Team 3 
7.4.5 Team 4 Progression 
The case data on Team 4's state behaviours closely mirrored that for Team 3. Therefore similar 
conclusions can be drawn, namely: (!) that observations made about Team 4 provide little 
evidence to support the proposition that teamworking development and task realisation stage 
changes are naturally closely coupled; (2) that the planning reference model provided better 
predictions about task realisation stage behaviours than it did for teamworking development. 
Table 7 .I 0 interprets case data for Team 4 and describes key observations made. 
170 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
c 5 
0 
:;::1 
I! 4 • • • 
"' Q. 
0 3 • E 
~ 2 • ... 
"' m 1 
E ... ... ... ... 
.. 
~ 0 
0 2 4 6 8 10 12 
Semester Weeks 
1-IEAMWORKING DEVELOPMENT. TASK REALISATION I 
Figure 7.5- Actual Development of Team System 4 
Stage Transition Stimulus (Moxon, 1 993} Analysis of Factors Using Known References 
Transition 
Fanning to Moving from Stage 1 to Stage 2 of the team life Moxon (1993) states that the stimulus to move from stage I to stage 2 of the 
Stonning cycle requires: team life cycle is usually provided, if not by the leader then by a group 
Moving from •getting to know each other' to member's desire to progress and start actioning things. In the case ofTeam 4 
working on purpose and goals such a stimulus was provided by the team leader, team scribe and one of the 
'Letting go' of comfortable discussion and starting team members 
to take real risks and sharing real feelings, possibly Bellard (2001) states that when a team is confronted with a problem, different 
with resultant personal attacks by others cultures can provide different perspectives, which give rise to the potential for 
more creative and innovative solutions. As such this team had the added 
advantage of being cross-cultural. 
Stonning to Moving from Stage 2 to Stage 3 of the team life After completion of stage I, Team 4 progressed to Stage 2 in week 6. Team 4 
Nonning cycle requires: did not develop past stage 2. This was probably because: 
Changing members' behaviour: members become This team, unfortunately, exhibited the majority of indicators of unsuccessful 
willing and able to listen to and understand each teams identified by Belbin (1981) such as poor morale; variations in culture 
other instead of reacting and jumping to generating different personalities; poor team composition with respect to 
conclusions. team roles. A disadvantage for a multicultural team is that different 
Individuals stop defending their own views and perspectives may not be encouraged and as such these differences may be 
accept that they may be wrong or that others may suppressed by the desire to confonn to team culture (Be !lard, 200 I). In these 
have better ideas cases, the cultural differences are perceived as primary sources of conflict and 
According to Tombs (1997) certain groups may get miscommunication (Bellard, 2001). This appeared to be the case with this 
stuck before reaching the perfonning stage and so team. This team's development suffered from miscommunication among its 
never become very effective. The 'stonning' stage is members and cultural differences when resolving conflicts 
never completed and the team will continue 'off· Another factor that may have led to this team's regression was that of the 
stage' throughout the whole process, so that its team leader's role in managing conflict. One of the main responsibilities of 
perfonnance will suffer (Tombs. 1997). any team leader is to resolve conflicts (Phillips 1997). In this case, as for 
Team 3, most of the conflicts and personality clashes occurred between the 
team leader and team scribe. 
Table 7.10- Interpretation of Results of Team 4 
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7.5 Discussion: Temporal Link between Teamworking Development and Task 
Realisation 
One of the main objectives of the multiple case study described in this chapter was to 
investigate the existence and nature of causal links between the states and state transitions of 
teamworking development and task realisation. 
Observations made about the four case study teams did not lend significant support for the 
assumption being tested, i.e. that teamworking development and task realisation state 
behaviours are essentially synchronous. Possible explanations for this included: i) some of the 
case study teams exhibited Belbin's (1981) indicators of an unsuccessful team which 
adversely affected their degree of teamworking, and prevented the team from becoming a 
holistic unit; ii) cultural differences within some teams were perceived as primary sources of 
miscommunication and conflict (Bellard 2001) and team interaction suffered as a result; and 
iii) leadership role problems retarded teamworking development for three of the four teams 
studied. 
Of the four case study teams examined only Team 1 exhibited developmental patterns for 
teamworking and task realisation that appeared to be correlated. 
7.6 Discussion Quality of Case Study Teams Outputs 
Various observations were made in respect to the temporal progress of all four case study 
teams. In addition, the quality of task outputs generated by each team was assessed by various 
means, this being focused on the quality of reports and the process and system models 
generated and documented by each team. An overall (albeit subjective) quality value was thus 
assigned to these outputs and to teamworking development achievements of each team. These 
values are summarised in Table 7 .11. 
Although a statistically small sample of teams was studied some indications were drawn from 
the results obtained as outlined in the following. 
Indication I: The quality of the task realisation and teamworking development aspects of team 
I was significantly greater than that of the other teams. This is likely to have been because 
this team had reusable teamworking competences because of its pre-established composition 
that enabled it to progress significantly further, and significantly more rapidly, in terms of 
teamworking development than did the other teams. All teams delivered a task output deemed 
to be satisfactory but in a competitive situation, the manufacturing enterprise (ME) designed 
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by Team I would have significantly outperformed those designed by the other teams. 
Indirectly this observation indicates that it is likely to be worthwhile to measure initial 
teamworking competences and subsequently to plan for, measure and promote teamworking 
progression, so as to develop more winning teams within industry, commerce and 
government. The semi-formal models described later in this thesis have potential to provide 
basic tools to facilitate such a course of action. 
Team I Team2 Team3 Team4 
Quality of Outcomes 80 55 60 60 
Quality of 90 70 60 60 
Teamworking 
Table 7.11- Quality Values Assigned to the Case Study Teams 
Indication 2: The notion that teamworking development and task realisation can be expected 
to be synchronous is clearly an over simplification in the general case. Therefore it is 
probably unlikely that measuring the progress of one of these developmental threads can 
usefully provide a surrogate measure of the other. The study cases showed how natural 
phenomenon can impede team system operation, particularly in the case of teamworking 
development. 
Indication 3: It is observed that the four case study teams were all given a completely new (to 
the team) task and that teams 2, 3 and 4 were wholly newly established. However, team I had 
partly been established (in as much that members of this team had worked together before on 
very different but difficult tasks). This might indicate that different degrees of synchronism 
might naturally occur in the four segments of team system operation shown in Figure 7 .6. 
Based on observations about the progression of the four case study teams and other industry 
based teams, Figure 7.6 makes predictions about the likely coupling that might be expected 
between the two aspects of team system development could be made. If the nature of these 
couplings were shown to be as indicated this could inform customers and developers of teams 
as to what aspects of team progress should be planned, monitored and enabled most carefully. 
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Figure 7.6- Possible Importance of Different Aspects of Team System Operation 
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7.7 Discussion: Factors that Impact Teamworking Development and Task Realisation 
It should be emphasised that tbe experimental observations and results reported have been 
linked to tbe most commonly quoted model of teamworking development posited by 
Tuckman (1977). This model postulates tbat teamworking development is sequential, i.e. a 
team matures chronologically from forming to performing is a step-wise, unidirectional 
manner. However, Tuckman's model does not inherently suggest tbat teamworking 
progression is always linear. For example a team may progress from storming to norming 
before resolving all of the issues from the previous stage. The occurrence of this kind of 
behaviour was evident within at least two of the case study teams, so that it may have been 
judged tbat a team had moved to a new stage, when in fact in reality it still needed to resolve 
certain issues associated with previous stages as well as issues associated with tbe current 
stage. Indeed in Teams 2, 3 and 4 unsolved teamworking development issues were seen to 
resurface later and in the case of Team 2 may have caused the team to actually regress in its 
development to an earlier stage. 
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Another common conclusion drawn about the four case study teams was that the Common 
Planning Reference Model could usefully predict task realisation activities and could help 
interpret (and hence monitor) the extent to which each team had progressed relative to that 
plan. However only in the case of Team I was any evidence provided of a link between 
teamworking and task state changes. Consequently in the case of three of the four teams 
studied, the Planning Reference Model was not found to provide a useful tool to support the 
interpretation and monitoring of teamworking developments. 
Foregoing sections of this chapter have developed tabulated models of team system operation, 
i.e. in terms of descriptions of stages and stage transitions that characterise behaviours of 
teamworking development and task realisation and govern their progression. The aim when 
developing these tables was to provide semi-formalised descriptions (or models) of aspects of 
teams that industry might use to predict and monitor team progress, and thereby possibly to 
enable measurement of related aspects of team performance. A developed use of these semi-
formal models enabled a common reference model of specific team progression to be 
developed for the four case study teams, which could thereby provide planning and 
monitoring aids. This common planning and monitoring reference model was developed 
based on an assumption that teamworking development and task realisation is naturally 
synchronous. Following this the reference model was used to interpret the actual progress 
made by the four case study teams who independently were assigned a similar project. 
However in practice marked differences in teamworking development progression occurred 
amongst the four teams, but task realisation progression was found to be similar in all four 
cases and occurred in much the manner predicted. Reasons for the marked differences in 
teamworking development progression were proposed with reference to established literature 
on teams. 
7. 7.1 Contributions to Knowledge 
This study was deemed to be an essential part of the research because it identified, at first 
hand those prime factors that impact significantly on team system operation. Knowledge 
about these factors was usefully deployed to represent, develop and use the static and dynamic 
models of team systems described in the subsequent chapters of this thesis. 
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8 AN ENTERPRISE MODELLING APPROACH TO TEAM SYSTEMS 
ENGINEERING 
In earlier chapters of this thesis, three anticipated contributions to knowledge were specified. 
These were: 
i. Aggregate generic knowledge about team systems which will be exemplified by a 
simplification and standardisation of the literature 
ii. Formulate the basis of a holistic and coherent approach to team systems engineering. This 
will be characterised by a unification of team system concepts focusing on understanding, 
specifying, analysing, implementing, operating and maintaining team system processes 
and activities that characterise team systems engineering, from initial identification of the 
need for a team through to gratification of the initial need; and 
iii. Make advancements towards a step change in a delivery mechanism which can make the 
holistic approach to team systems engineering available and reusable for various 
manufacturing enterprises. Such a delivery mechanism could be exemplified by 
illustrating how enterprise modelling and dynamic systems modelling technologies can 
formally and coherently represent relevant aspects of team systems engineering within 
specific application contexts 
This chapter seeks to satisfy expectation (iii), i.e. it will use an enterprise modelling approach 
(CIMOSA) to formally document and represent specific aspects of team systems engineering. 
Therefore this chapter: 
• Reviews team systems engineering concepts described in pervious chapters 
• Describes four phases of team systems engineering specifically with respect to event inputs 
and result outputs pertaining to team system process associated with each phase 
• Discusses the CIMOSA notations that will be deployed 
• Documents static 'as is' representations of team system engineering phases 
8.1 Unification of Team Systems Engineering Concepts 
In preceding chapters, team systems engineering was specified with regards to four phases, 
namely: team system design, team system build, team system operate and team system 
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maintenance. These phases are characterised by activities that transform inputs into outputs of 
team systems. 
Literature pertaining to the team systems engineering life cycle was analysed with regards to 
two concerns: 
• Each phase of team systems engineering (DBOM) was considered in order to determine the 
main activities within each phase and the interactions between these activities. 
• DBOM phases were studied to determine the existence and nature of relationships between 
activities that occur in different phases of team systems engineering 
Team System 
Engineering Life 
Cycle (DBOM) 
TEAM SYSTEM 
DESIGN 
TEAM SYSTEM 
BUILD 
TEAM SYSTEM 
OPERATE 
TEAM SYSTEM 
MAINTAIN 
Task Definition 
---1}- / /.J 
Members 
haracteristics 
Task 
Realisation 
Figure 8.1- Team System Engineering Life Cycle 
~ T""k Team Charactf!istics Characteristics f-
I Functional Roles Team A 
f1_ r Role1} 
Teamworking 
Development 
r-
Monitoring 
Maintenance 
Figure 8.1 visually represents the results of these findings. For example it was determined that 
team system design is comprise primarily of three main activities, namely: task definition, 
task characteristics and team characteristics. These activities are interrelated. Task 
characteristics receive input from task definition, while task characteristics are used to decide 
team characteristics. It can also be observed from this figure that information about the task 
definition and task characteristics is used to inform member characteristics in team system 
build phase of the DBOM. 
The following section describes each DBOM phase in terms of inputs, outputs and events. 
The information contained in figure 8.1 was used to verify the correctness of these 
descriptions. 
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8.2 Team System Processes 
Team system design uses a top-down approach to designing teams where teams are viewed in 
light of implementation of business strategies ahead of everything else (Chiesa, 1996a, b; 
Dunphy and Bryant, 1996; Schilling and Hill, 1998). During the team system design process, 
task descriptions and task requirements are referenced as they provide details pertaining to the 
team's purpose; time required for task completion; leadership requirements; team size and 
team composition (in terms of functional skills). Here for example it was determined that 
these details can be input into the team classification reference model developed in chapter 4, 
so as to determine the most suitable team type. Thus the team type requirements can be 
determined based on the original task definition and task requirements. Figure 8.2 illustrates 
the team system design stage in terms of input events and output results. It also lists the sub-
processes within this primary process. 
EVENT RESULTS 
Identification of Task Definition TEAM SYSTEM DESIGN Team Type 
Team Type Selection 
Dctennination of Task Requirements-+ Team Characteristics Identification 1--.. Team Type Requirements 
Figure 8.2- Team System Design Sub-Processes, Event Inputs and Results Outputs 
Team system building (see figure 8.3) constitutes a process of building the team by: selecting 
the most appropriate team members based on their technical competence; allocating team 
roles to selected members centred on their behavioural competence; providing the team with 
'structure' and finally releasing the team to achieve the task. Thus it was observed that team 
system building can be further sub-divided into four sub-processes: member selection; role 
allocation; structure development and team release. During the team system building process, 
team member selection is determined by the functional skills required, i.e. technical skills, 
experience and education. Once selected, team members are assigned team roles. The team 
leader is chosen and the team structure is subsequently developed. 
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EVENT RESULTS 
TEAM SYSTEM BUILDING Team Members Selected 
=: Team Type Selected Team Member Selection Team Roles Allocated Task Requirements Defined Team Role Allocation Team Leader 
Functional-Skill Requirements Identified _..., Structure Development Team Structure 
Team Release 
Figure 8.3- Team System Building Sub-Processes, Event Inputs and Results Outputs 
Figure 8.4 visually represents the team system operation process. It identifies needed sub-
processes, event inputs and output results. Team system operation, the "0" phase of DBOM 
life cycle, focuses primarily on two areas of concern teamworking development and task 
realisation. Team System Operation is concerned with how the team develops from a group of 
individuals to an efficient functioning unit while successfully realising the task assigned and 
delivering the task goals. Figure 8.4 displays the event inputs of this process, team system 
operation, and the output results, such as task outcomes and tearnworking improvements. 
EVENT RESULTS 
TEAM SYSTEM OPERATION 
Team Released~ _... Task Outcome 
Task Definition__... 
Teamworking Development 
Task Realisation Teamworking Development 
Team Characteristics_..., 
Figure 8.4- Team System Operation Sub-Processes, Event Inputs and Results Outputs 
Team system maintenance incorporates two interrelated processes: monitoring and 
maintenance (Groesbeck and Van Aken 2001), where: 
• Monitoring includes diagnosing past performance and assessing group processes at key 
checkpoints to assess a team's process health; and 
• Maintenance includes assuring that teams receive the support and coaching needed to 
develop productive processes for the way they work together and perform core task routines 
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However, with respect to this thesis the author focused specifically on the monitoring sub-
processes that comprised team system maintenance. As such team system maintenance 
naturally provides feedback with regard to team system effectiveness. In the first instance it 
can function to provide feedback with respect to teamworking development and task 
realisation performance. Secondly, it provides feedback with regards to the suitability of the 
team members selected, team members roles allocated and the structure developed and 
deployed. Finally it provides feedback with respect to the quality, i.e. fitness for purpose of 
the team type selected. This study centres on team system monitoring and provides 
information pertaining to the performance and effectiveness of the previous three stages of the 
team system engineering life cycle (see Figure 8.5). 
EVENT RESULTS 
MONITORING 
Tcamworking Development __. Tcamworking Evaluation 
Team Role Performance Tested =:: Task Realisation Evaluation Teamworking Perfonnancc 
Team Role Evaluation Task Realisation Perfonnance Task Outcome 
Structure Revision Team Role Performance Structure Developed __. Structure Rcfmcmcnt 
Figure 8.5· Team System Monitoring Sub~ Processes, Event Inputs and Results Outputs 
Figure 8.6 illustrates key inter-relationships between the four primary team system processes. 
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Figure 8.6- Dependence between the Four Life Cycle Phases of Team System Engineering (DBOM) 
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8.3 CIMOSA and the Multi-Process Modelling Methodology 
Io chapter 2, the MPM methodology was described as comprising a five-step method where 
collectively the steps achieve the following: 
i. Elicit 'as is' static models of processes 
ii. Create and validate dynamic models pertaining to focused aspects of 'as is' processes 
iii. Develop and validate dynamic models of focused aspects of possible 'to be' processes 
iv. Enable focused deployment and use of static and dynamic process models when 
controlling actual workflows. 
This chapter reports on the application of the second step of the MPM Methodology (first step 
reported in chapters 4 to 7), which enabled the creation of static (relatively enduring) models 
of 'as is' processes. Here knowledge pertaining to team system engineering processes was 
captured and formalised using a coherent set of CIMOSA enterprise modelling constructs 
(Monfared, 2002). The static views were captured and populated using CIMOSA graphical 
modelling constructs in conformance with CIMOSA diagramming notations that were 
developed to formally encode the requirements of complex systems. 
The three diagramming notations that are used to encode the requirements of a typical team 
system are as follows: 
•Context Diagrams: are used to organise process models into interrelated CIMOSA-
conformant and non-CIMOSA confonnant domains, the former being domains of concern 
that need to be modelled (using CIMOSA and other modelling constructs) in conformance 
with the new modelling method. 'Context-diagrams' are decomposed as required into more 
detailed (lower-level) 'context-diagrams' until core processes (so called 'domain processes') 
of concern are identified. 
•Interaction Diagrams: represents interaction amongst 'sub-domain processes', which also 
model the exchange of results and resources, triggered by events. Sub-domain processes 
work together and interact with one another to fulfil the purpose of a domain process. 
• Structure Diagrams: are used to formally attribute relatively enduring (or static) 
organisational relationships that couple the business processes and enterprise activities of a 
domain process 
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8.3.1 CJMOSA Modelling Approach and Team System Development Processes 
The CIMOSA reference framework which supports the life cycle engineering of enterprise 
models helps to structure the activities of enterprise modeller as they seek to generate models 
on any of three levels of generality, i.e. generic, partial or particular models of the enterprise. 
Monfared et a! (2002) advances that the user is able to generate enterprise models on any of 
the three levels of generality and that other models at different levels of generality can be 
derived by referencing captured models, thereby reducing the modelling effort required. 
In this study it was considered appropriate for the author to develop partial models of team 
systems and system processes and sub-processes and to focus attention on a semi-generic 
application domain in which enterprise teams are commonly deployed. The team system 
models developed were partial because they captured and visually represented the activities of 
only one type of team, the project team. The literature suggests that there are many types of 
teams that operate within a manufacturing enterprise (see Section 2.3.2); however, modelling 
efforts within this thesis will focus on project teams. Primarily because the case study teams 
and industry-based teams observed within this study were all project teams, and as such the 
information collected related specifically to the activities of these project team systems. Thus 
the semi-generic models developed captured and visually represented the activities of a 
project team system. 
Therefore, it was decided that the study domain would be one in which project teams are assigned 
a new task. It was also decided that the partial models to be captured should incorporate the 
following: 
• Overall context diagram, 'new project team system engineering' 
• Overall interaction diagram, 'new project team system engineering' 
• Context diagram, 'team system building' ("B" phase of DBOM) 
• Interaction diagram, 'team system building' 
·Structure diagrams: 'team role allocation', 'team structure development', and 'team release' 
(sub-processes of team system building) 
•Context diagram, 'team system operation' ("0" phase ofDBOM) 
• Interaction diagram, 'team system operation' 
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•Structure diagrams: 'task realisation', 'teamworking development', and 'team operation 
progress' (sub-processes of team system operation) 
• Context diagram, 'team system monitoring' ("M" phase ofDBOM) 
• Interaction diagram, 'team system monitoring' 
• Structure diagram: 'team role performance', 'teamworking development performance' and 
'structure refinement' (sub-process of team system monitoring) 
One of the many advantages of CIMOSA is that it provides suitable formalisms to decompose 
complex systems (of processes) into sub-processes that can be analysed independently. Thus 
using the vast amounts of team system research available, the model trend was developed by: 
i) identifying and defining team systems; ii) determining the main processes that characterise 
a team system (team system design; team system building; team system operation; and team 
system maintenance); iii) decomposing these main processes into a series of sub-processes; 
and iv) further dividing each of these sub-processes into elementary units of activity. 
8.4 Static Model of Team System Development Processes 
The overall context diagram to represent 'team systems engineering' in the study domain is 
illustrated by figure 8.7. This shows that new team system engineering involves a complicated 
interaction of activities between 'team system design', 'team system building', 'team system 
operation', and 'team system monitoring'. In this figure 'team system design' is represented 
as a non-CIMOSA domain because it was not considered in detail within this research. 
Figures 8.8, 8.9, and 8.10 represent context diagrams for the CIMOSA domains of a new team 
system that were modelled in detail, namely: 'team system building'; 'team system 
operation'; and 'team system monitoring' respectively. These three CIMOSA conformant 
domains were analysed in detail because the literature along with the case study research 
conducted by the author provide a vast amount of information to enable the 'static model' 
representation of these processes. However, the literature availability in the case of team 
system design was limited. 
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Figure 8.7- Overall Context Diagram for 'New Team System Development' Domain 
Figure 8.8 illustrates the context diagram for the 'team system building' process. This 
CIMOSA domain can be sub-divided into four constituent CIMOSA sub-processes: 'team 
member selection'; 'team role allocation'; 'structure development'; and 'team 
implementation'. It should be noted that the analysis presented in this chapter focuses 
predominantly on the team aspects rather than the task aspects of the team system 
The literature on enterprise modelling and integration is populated with various cases where 
enterprise modelling approaches such as GERAM, PERA, GRAI, and CIMOSA have been 
used to build models of whole or part of an enterprise from knowledge about the enterprise, 
previous models and reference models (Chatha et al2003; Monfared et al2002; Harrison et a! 
2001; Monfared, 2000; and Aguiar, 1995). 
However, those previous approaches employed to visually represent various aspects of an 
enterprise focused more on 'what' the individual, the team, the department or the enterprise 
needs to do and less on 'how' they should work together to achieve the 'what'. For this reason 
a definitive focus of attention in this study is on 'how' (people) do a defmed 'what' rather 
than on 'what' needs to be done to achieve tasks. Focusing on this aspect of team systems 
engineering does not imply that one area is more important than the other but rather that for 
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example 'teamworking development' can be equally important as task realisation and should 
therefore be better understood and where practical should be captured, formalised and 
represented with the same rigor as the 'task realisation' aspects of team system development 
Thus within this chapter the CIMOSA requirements models were used to encode team system 
requirements with a prime focus on the team aspects. Consequently most of the graphical 
models developed during this study, visually represent teamworking aspects. Occasionally, 
where appropriate some visual representations of task realisation requirements are included. 
For example figure 8.17 was created to represent business processes that may comprise the 
'task realisation' domain of a typical project team. 
As such sub-processes that relate to the task aspects will not be modelled in detail, as is the 
case with 'team member selection' domain process. Within a team system, members are 
initially selected based on their technical competence, expertise and availability, as this relates 
to the task aspects, it was decided that this sub-process would not be modelled in detail at this 
stage, hence its representation as a non-CIMOSA domain. 
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Figure 8.8- Context Diagram for 'Team System Building' Domain 
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Figure 8.9- Context Diagram for 'Team System Operation' Domain 
Site Map 
Figure 8.9 illustrates the context diagram for the 'team system operation' process. This 
CIMOSA domain can be sub-divided into three sub-processes: 'teamworking development'; 
'task realisation'; and 'team operation progresses. 
Figure 8.10 illustrates the context diagram for the 'team system monitoring'. This domain can 
be sub-divided into four sub-processes, namely: 'teamworking performance'; 'task realisation 
performance'; 'team role performance' and 'structure refinement'. Here it was decided the 
'team system monitoring' process should comprise three CIMOSA domains and one non-
CIMOSA Domain, because it was determined that 'task realisation performance would not be 
modelled in detail since it related to the task aspects of team systems. 
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Figure 8.10~ Context Diagram for 'Team System Monitoring' Domain 
Next it was necessary to formulate a detailed analysis of constituent elements of the 'team 
systems engineering' domain in order to obtain a more complete picture. To assist this 
modelling process a high-level interaction diagram representing 'team systems engineering' 
was developed and the resultant outcome is shown in figure 8.11. This figure indicates the 
primary flows of information, human resources and physical resources between the main 
domains of 'team systems engineering'. 
Detailed description of task requirements, task goals and teamworking information is passed 
from the 'team system building' (DP I) to 'team system operation' (DP 2). Throughout the 
team systems life cycle this information can include task definition; task requirements; task 
goals; teamworking goals; initial team operating procedures; initial organisational structure; 
and constraints and boundaries. Physical resources such as task description; drawing and 
other types of technical specifications; machines; equipment; and computer software support 
this information. A team developer is also identified with responsibility to regularly monitor 
team system operation. 
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The 'Team system operation' (DP 2) domain generates extensive information for deployment 
in the 'team system building' domain (DP 1). Teambuilding Proposals and Recommendations 
will be derived typically from a number of project team meetings. Each change request from 
the 'team system operation' domain (DP 2) requires the 'team system building' domain (DP 
I) to respond with change assessment information. Information about 'team system operation' 
is derived with respect to task realisation and teamworking development outcomes. 
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8.4.1 Team System Building Domain (DP 1) 
Initially this domain was considered from a broad perspective; hence an interaction diagram 
was created for the 'team system building' domain with the aim of visually identifying how 
the four sub-domains play a role in the overall 'team system building' process (DPl). As 
illustrated by figure 8.12, it can be observed that this domain can be decomposed into four 
sub-domain processes, namely: 
•Team Member Selection (DPll) 
•Team Role Allocation (DP12 
• Structure Development (DPI3) 
•Team Release (DP14) 
This figure shows that information concerning task definition and task requirements from the 
non-CIMOSA domain 'team system design' is a key input of 'team member selection' 
(DPll) domain process. Physical outputs from this domain were observed to include 
'member's technical competence lists', which is passed both to the 'team role allocation' 
domain process (DP12) and 'team structure development' domain process (DP13). 
Also observed was that the team release process (DP14) should receive information on task 
operating instructions, teamworking instructions, members' team role preference and team 
role allocation. Further this domain (DP14) receives information, physical resources and 
human resources from all three of the other domains and is required to use this information to 
facilitate the progression of the team system, from a group of individuals to a unit working 
towards a common goal. 
8.4.1.1 Team Role Allocation Domain Process 
From figure 8.13 it can be determined that the 'team role allocation' domain (DP12) should 
be structured around five basic business processes. These basic processes include team 
member identification (BP121); team role testing (BP122); results compilation (BP123); team 
role distribution (BP124) and documentation (BP125). In turn these basic processes are in 
turn made up of a number of more elemental business processes and enterprise activities. 
For example, the team role testing business process (BP122) is made up of the 'explanation of 
Belbin's Team Role Self-Perception Inventory (BTRSPI)' enterprise activity (EA1221); 
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explanation of procedure for test completion (EA1222); and 'execution of BTRSPI' business 
process (BP122-l), which is comprised of eight enterprise activities such as: 
•Test for chairman (EA122-11) 
•Test for shaper (EA122-12) 
• Test for plant (EA122-13) 
• Test for resource investigator (EA122-14) 
• Test for company worker (EA122-15) 
• Test for monitor evaluator {EA122-16) 
• Test for team worker (EA122-17) 
• Test for completer finisher (EA122-18) 
8.4.1.2 Team Structure Development 
Coded into figure 8.14 is the observation that 'team structure development' comprises a 
structured grouping of business processes, namely: identification of primary task 
responsibilities (BP131); identification of team role responsibilities (BP132); team 
organisation (BP133); team meeting structure (BP134); and development of team operating 
procedures (BP135). In turn each of these business processes is comprised of sub-business 
processes and enterprise activities. For example, identification of primary task responsibilities 
business process (BP131) was found to comprise two sub-business processes, namely: i) 
primary role identification (BP131-1) and ii) discussion of physical outputs for primary task 
roles (BP131-2). 
8.4.1.3 Team Release 
As illustrated by figure 8.15, the 'team release' domain process was observed to comprise a 
structured grouping of business processes, namely: identification of team system requirements 
(BP141); resource provision (BP142); and team implementation (BP143). Each of these 
business processes in turn comprises sub-business processes and enterprise activities. 
Primarily the team release domain was found to involve identifying the need (the reason why 
the team was formed), the allocation of resources to satisfy this need and fmally releasing the 
team unit to achieve/ satisfy the original need. 
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8.4.2 Team System Operation Domain (DP 2) 
Once again initially the author considered the 'team system operation' domain from a broad 
perspective by creating an interaction diagram of the 'team system operation' to visually 
identify its three sub-domains and their role in the 'team system operation' domain (DP2). 
Encoded into figure 8.1 6, it was found that this domain can be decomposed into thee sub-
domains: 
• Team working Development (DP21) 
• Task Realisation (DP22 
•Team Operation Progress (DP23) 
Figure 8.16 graphically represents interactions between the dependent domain processes of 
the 'team system operation' domain. These dependent domain processes include 'task 
realisation' (DP21), 'teamworking development' (DP 22) and 'team operation progress' 
(DP23). Additional input is received into this domain is from the 'team structure development 
domain' (DPI3) while the outputs generated from this 'team system operation' domain act as 
inputs for the 'team system monitoring' domain (DP3). 
8.4.2.1 Task Realisation 
Early on in the author's research study an identified foci of the study centred on two principle 
threads of team system operation, namely: task realisation (concerned with 'what' the team 
has to do) and teamworking development (concerned with 'how' the team works together to 
accomplish the 'what'). Also observed was that typical activities centred on task realisation 
are directly concerned with generating outputs, such as product requirements specifications, 
product designs and physical realisations of products. While teamworking development 
activities will be geared towards defming and implementing improved means of achieving 
tasks, such as by appropriate distribution of roles and responsibilities amongst team members, 
and by developing member and team competencies that lead to improved interactivity within 
the team and between the team and its environment. 
In figure 8.17, the 'task realisation domain is structured around four business processes which 
include task recognition (BP211); task understanding (BP212); decision making (BP213); and 
task implementation (BP214). Each of these business processes can be decomposed into sub-
level business processes and enterprise activities 
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8.4.2.2 Teamworking Development 
A model of 'team working development' domain was created with a view to visually represent 
'how' a project team can work together as a unit. The structure diagram of figure 8.18 
identifies, structures and organises the business processes and enterprise activities that 
collectively represent the various aspects of teamworking development. In this case the 
modelled domain was found to comprise a structured grouping of business processes that may 
typically include: 
•Team Competence Introduction (BP221) 
• Development of Goals Competence (BP222) 
• Development of Action Plan (BP223) 
• Development of Communication Skills (BP224) 
• Development of Team Dynamics (BP225) 
• Development of Team Leadership (BP226) 
• Allocation of Roles and Responsibilities (BP227) 
8.4.2.3 Team Operation Progress 
A 'team operation progress' (DP23) domain was modelled. As its name implies it was 
envisaged that this sub-process would monitor and record the progress of the team with 
respect both to its teamworking development improvement and its task realisation goals. It 
was observed that information generated by this sub-domain should be input to the 'team 
system monitoring domain'. The 'Team operation progress' domain is structured around two 
main business processes, namely: 'teamworking progress documentation' (BP231) and 'task 
outcome documentation' (BP232). In turn these CIMOSA business processes are made up of 
a number of more elemental business processes and their enterprise activities. 
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8.4.3 Team System Monitoring (DP3) 
The 'team system monitoring' domain was also considered from a broad perspective and this 
consideration was enabled by creating an interaction diagram so as to visually identify its 
three CIMOSA sub-domains and the role they play in the 'team system monitoring' domain 
(DP3). As encoded by figure 8.20, it was determined that this domain can be decomposed into 
thee sub-domains, namely: 
•Team Role Performance (DP31) 
• Team working Performance (DP32) 
• Structure Refinement (DP33) 
Figure 8.20 graphically represents interactions between the dependent domain processes of 
'team system monitoring'. These dependent domain processes include 'team role 
performance' (DP31), 'teamworking performance' (DP 32) and 'structure refinement' 
(DP33). 
8.4.3.1 Team Role Performance 
From figure 8.21 it was determined that 'team role performance' domain (DP31) should be 
structured around four basic business processes, namely: 'description of ideal team role 
behaviours' (BP311 ); 'test actual team role behaviours' (312); 'identification of role 
allocation suitability' (BP313); and 'team role performance database' (BP314). In turn these 
business processes comprise a number of business processes and enterprise activities. For 
example, 'test actual team role behaviours' (BP312) is made up of 'explanation of Team Role 
Performance Test' enterprise activity (EA312!); and 'execution of team role performance 
test' business process (BP312-l), which itself is comprised of eight enterprise activities, 
namely: 
• Test chairman actual behaviours (EA312-I 1) 
• Test shaper actual behaviours (EA312-12) 
• Test plant actual behaviours (EA312-13) 
•Test resource investigator actual behaviours (EA312-14) 
• Test company worker actual behaviours (EA3 I 2-15) 
• Test monitor evaluator actual behaviours (EA312-16) 
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• Test teamworker actual behaviours (EA312-17) 
• Test completer finisher actual behaviours (EA312-18) 
8.4.3.2 Teamworking Evaluation 
It was observed that "team working development" could be described in terms of those units 
of teamworking competence that an effective team should exhibit as it develops from one 
stage of team working development to another. At each stage a competent and effective team 
can be expected to perform characteristic actions and exhibit required behaviours. The 
demonstration of these actions and behaviours enables the team to achieve transition from one 
stage of teamworking development to another. For example, if a team has reached the 
storming stage and desires to transition to 'norming' stage, it must develop the required 
teamworking competence to facilitate transition from stage 2 to stage 3 of the teamworking 
development. Failure to exhibit the required activities and behaviours is likely to inhibit a 
team's progress towards maturity. Thus a second sub-domain of the 'team system monitoring' 
domain was modelled to encode aspects of 'teamworking performance' (DP32). This sub-
domain was represented visually using a structure diagram, where it was established that 
'teamworking development evaluation' should be structured around six business processes, 
namely: 
• Identification of team working competence requirements (BP321) 
• Development of team working development plan (BP322) 
• Test teamworking competence (BP323) 
• Compilation of test results (BP324) 
•Identification of training requirements (BP325) 
• Documentation of findings (BP326) 
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8.4.3.3 Structure Refinement 
From figure 8.23, it was decided that the 'team structure refmement' domain process would 
naturally comprise a structured grouping of business processes, namely: redefinition of 
primary task responsibilities (BP331); review team role suitability (BP332); update team 
organisation (BP333); and update team operating procedures (BP334). In turn each of these 
business processes comprises sub-business processes and enterprise activities. 
8.5 Conclusions 
CIMOSA diagramming templates were used to capture, represent and formalise static 
(relatively enduring) views of team system processes. These CIMOSA diagramming notations 
formally document various perspectives of team systems engineering. Information pertaining 
to three primary processes of team systems was represented. These processes (phases) were 
team system building, team system operation and team system monitoring. Each three life 
cycle process was modelled in the form of CIMOSA domain processes. As such they were 
decomposed into their constituent domain processes, business processes and enterprise 
activities. Context diagrams, interaction diagrams and structure diagrams were also used to 
visually illustrate relationships and flows (of information, physical resources and human 
resources) between these modelled elements. 
The primary purpose of these models is that they might be reused for a variety of purposes, 
such as to inform the life cycle engineering of specific project teams that have been assigned a 
new task, or to provide an action plan for desigu, operation and maintenance (as a template) 
for modelling other types of teams. Examples uses of these models will be discussed in the 
last chapter of this thesis. 
8.5.1 Contributions to Knowledge 
This chapter provides formal, generic reusable models of certain aspects of the DBOM team 
systems engineering life cycle. Earlier on in this report two research goals were identified. 
These were i) to provide industry with an improved understanding of team systems and ii) to 
supply industry with tools and techniques to facilitate the successful deployment of team 
systems. 
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The models developed in this chapter can be used to visually represent the requirements of 
DBOM phases, the activities that characterise the team system engineering life phases and 
relationships between these activities. 
The following two chapters use dynamic systems modelling concepts, which will utilise the 
knowledge encoded into CIMOSA models of teams described in this chapter with a view to 
providing industry with dynamic models that analytically support different approaches to 
team systems engineering 
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9 A DYNAMIC SYSTEMS MODELLING APPROACH TO TEAM 
SYSTEMS ENGINEERING 
As explained previously dynamic systems modelling tools have potential to enact team 
systems engineering knowledge. Properly applied it should facilitate 'what if analysis. 
Chapter 2 described two dynamic systems modelling tools in detail. This chapter considers 
the use of the first of these tools, namely causal loop diagrams (CLDs). Causal loop diagrams 
(CLDs) have been described as graphic representations of systemic structures (Kim and 
Anderson, 1998). Potentially they constitute a valuable systems thinking tool because they 
can develop dynamic representations of complex and transient systems that reveal notions 
about system construction and behaviour (Kim and Anderson, 1998). 
The previous chapter documented use of the CIMOSA modelling approach so as to describe 
and decompose team system processes into a manageable set of elemental activities. An aim 
here was to enable better understandings and representations of teams through simplification 
of team system complexity. This chapter seeks to enact some of this knowledge by using 
CLDs centred on team system operation. Team system operation processes were observed to 
have two prime areas of concern, namely: teamworking development and task realisation. 
Teamworking development incorporates those activities, events and behaviours that govern 
how 'a team plays together,' while task realisation includes the activities, processes and 
events that the team must execute in order to achieve the initial team goal. Therefore CLDs 
were used to identify the variables within team systems that change over time and cause-and-
effect relationship between these variables and team system performance 
Hence this chapter is as follows i) a brief review of team system operation processes, i.e. 
teamworking development and task realisation; ii) a discussion of the role of causal loop 
diagrams within the context of the MPM methodology described in chapter 2; iii) an 
identification of key variables that impact on team system operation and on team system 
performance; and iv) a model development (to enable better understandings) indicating how 
key variables can influence team system operation during the life time of teams. 
9.1 Team System Operation 
Figure 9 .I, as presented in chapter 8, visually represents the team system operation process. It 
identifies needed sub-processes, event inputs and output results. Team system operation, the 
"0" phase of the team systems engineering life cycle (DBOM), focuses primarily on two 
areas of concern teamworking development and task realisation. Team system operation is 
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concerned with how the team develops from a group of individuals to an efficient functioning 
unit while successfully realising the task assigned and delivering the task goals. Figure 9.1 
displays the event inputs of this process, team system operation, and the output results, such 
as task outcomes and teamworking improvements. 
EVENT RESULTS 
TEAM SYSTEM OPERATION 
Team Released -Jio Tcamworking Development Task Outcome 
Task Dcfinitio~~ Task Realisation Teamworking Development 
Task Chamcteristics 
Figure 9.1- Team System Operation Sub-Processes, Event Inputs and Results Outputs 
9.2 Causal Loop Diagrams and the Multi-Process Modelling (MPM) Methodology 
Previous chapters considered various aspects of team systems engineering. This elicited a 
significant body of knowledge about teams so as to provide a basis for modelling static 
aspects of team system processes. Chapter 8 reported how 'static' graphical models ofDBOM 
phases of team systems engineering were created. 
This chapter focuses on an application of the third step of the MPM Methodology, which 
involves developing and validating dynamic models pertaining to team system operation. The 
third stage of the MPM method is as follows: 
"Select aspects of the static representations of 'as is' processes and transform these into dynamic 
models with capability to represent and simulate process operation and behaviour and thereby provide 
insights into system operation ... "Chatha (2003) 
When deploying CLDs to identifY, document and validate key variables of team system 
operation, the following approach was taken: 
i. Use data from a case study team, namely Team I that was analysed in chapter 7, such as 
meeting records, to identify key team system operation variables that impact on team 
system operation and as a direct result impact on team system performance 
ii. Deploy causal loop diagrams so as to develop hypotheses about cause-and-effect 
relationships that link these variables during team system operation 
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It should be noted that the causal loop modelling tool was applied to case study information 
analysed and recorded in chapter 7, so as to create dynamic models of team system operation. 
The purpose of these models is to predict and understand the nature of required process 
behaviours and idealised system responses. Thereby the aim of these causal loop models is to: 
• Facilitate and/or improve team system operation phase; 
•Predict and plan the impact of alternative types of stage change within the F-S-N-P model 
(for example a virtual team may bypass the 'forming' stage of the F-S-N-P model); 
• Predict and plan the impact of alternative types of resource change. 
9.3 Key Variables Influencing Team System Operation 
With a view to identify key variables that impact on team system operation and on team 
system performance, the behaviours and activities of a case study team (namely, Team I) 
were documented. Table 9.1 describes the actual team behaviours observed on a weekly basis 
as the team accomplished its objectives. From meeting records (see Appendix 5, Case Study, 
Team Meeting Records) variables that were observed to impact on team system operation, 
were determined and included into the fourth column of Table 9 .1. 
As noted in this table, Team 1 progressed successfully from the forming stage through to 
performing stage of teamworking development. In fact it was the only team within the case 
study research (documented in Chapter 7) that was able to progress onto the performing stage 
of the FSNP model; where it remained until project completion. Hence it was assumed that 
this case would provide the best available source of information on: i) factors or variables that 
impact team system operation; ii) characteristic behaviours exhibited by a team, as it moves 
through teamworking development stages; and iii) behaviours that facilitate transition from 
one teamworking development stage to another. Hence it was determined that the key 
variables listed in table 9.1 should be used to generate causal loops describing team system 
operation. 
Thus the focus of the modelling logic was to determine causal links between key team 
systems operation variables listed in the rightmost columns of Tables 9.1. These diagrams 
were found to form four main feedback loops, namely: 
•Main Regenerative Loop (for all stages ofteamworking development) 
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Teamworking Date Meeting Records Data Key Variables 
Forming 08-10-02 No discussions were entertained about the task. rather focus of this meeting Member Introductions 
was on team member introduction. During the meeting the chairman and Selection of Team Leader and Scribe 
scribe of the team were selected. Discussion ofTcamworking 
10-10-02 This was the first time the team discussed the task and task requirements. The Procedures 
team was given an introductory presentation on the project and project Discussion of Task and 
assessment scheme. During team discussion about the project and project Requirements 
analysis: Individual Task Assignments 
The leader played a central role Allocated 
A shared understanding of the task was developed Discussion of Scope of Individual 
Individual assignments were allocated Work and Responsibility 
Way of working together were identified 
Roles were determined sub-consciously, but were not explicitly identified 
It was evident that the team had become comfortable working with each other 
as discussions progressively became more and more open 
Storming 22-IQ-02 At this stage the team began using more fonnal means of documenting team Team Role Identification 
meeting records. The team was beco-ming more organised. Each individual Team Member Relationships 
was explicitly assigned, his or her, functional role within the team and each Sorting-out Team Processes 
functional role was identified with rcspeetto scope of operation and This phase was characterised by 
responsibilities assigned. rules, roles and processes, deciding 
The chairman acted as a director, giving guidance and keeping the team on who sho-uld do what, how will it be 
track with its schedule. done and the rules that will govern its 
Each functional role was fonned, researched and described. The team as a doing. 
unit analysed the information, drew conclusions and identified the next steps. 
Within this meeting the team was still forming conclusions and was still 
trying to understand the task. 
Norming 29-10-02 During this meeting it was evident that the team had developed an effective Improved levels of Team 
way of working together. Tcamworking processes including ways of Participation and Contribution 
executing meetings were developed and implemented. Team roles although High levels of Group Identity 
not explicitly allocated were implicitly assigned, i.e. a natural co-ordinator, Constructive Resolution of Conflict 
monitor evaluator and so on emerged. Efficient and Effective Team 
Individual work was assigned with responsibilities, deadlines and Operating Procedures 
deliverablcs. More open approach 
05-11-02 Since the team identified ways of working together well, it now focused its 
energy on task recognition, understanding and implementation. 
Group nonns were developed and a group identity began to emerge. 
Perfonning 19-11·02 At this stage the team working processes were continually developed with Equal Member Utilisation 
team performance improving steadily. The role of the leader changed from Members Strengths and Weaknesses 
one of guiding and directing to one of co-ordinating. During this meeting were identified; High Levels of Trust 
Team I tested their team roles using Belbin's Team Role Profile Test. developed within the Team 
26-11-02 The relationships between team members were noticeably strong, open and Informal, Open Atmosphere 
friendly High Levels ofTcam Participation; 
High Levels of Group Identity; 
Effective and Efficient Team 
Operating Procedures; Effective 
Planning and Scheduling ofTcam 
Activities 
Table 9.1- Events, Actions and Behaviours Exhibited during Operation of Team System 1 
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• Forming-Storming Transition Loop 
• Storming- Norming Transition Loop 
•Norming-Performing Transition Loop 
9.4 The Main Regenerative Loop 
The main regenerative loop shown in Figure 9.2 was constructed from key variables listed in 
Tables 9.1. Essentially these are the parameters of Team I that changed significantly over 
time. Variable change occurred as the team matured through teamworking development. 
Amongst the time-dependent variables observed, three main variables were selected for 
detailed study and their importance is described hereunder. They include: 
• Team Working Time- the time the team consumes whilst becoming an efficient functioning 
unit. In practice it is expected that this time will be constrained by the available project time 
(and project budget) and numerically this variable is typically equal to the project duration 
• Team Awareness- this constitutes a measure of how well the team knows its goals and each 
other's purpose. The cohesiveness of the group, group introductions, descriptions of the 
members and team's purpose and objectives can be expected to increase the team's 
awareness. 
• Level of Trust- trust will be built by making personal connections to other team members; 
understanding how personal experiences shape individual responses and behaviours; 
appreciating benefits from diversity in personality and decision styles; learning about 
personal goals and values that others bring to the team and identifying areas that will cause 
conflict. 
Moxon (1993) identified four categories of team problems that are interdependent and form a 
hierarchy of issues. These include problems with goals; problems with roles; problems with 
structure and problems with relationships. Bearing this in mind, four additional time 
dependent variables were included into the causal loops: 
• Team Operating Structure- once sufficient trust has been developed members can now 
develop the team structures and processes required for the team to function as a unit: 
typically this might include agreed frequency of meetings; defined conduct during meetings; 
individual and team performance measurements; standards of member contributions and 
participations; team operating procedures and so on 
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• Team Role Performance- roles are allocated to individuals within the team; members accept 
their roles and the importance of their roles within the team; member performance with 
respect to the roles allocated 
• Team Competence- focuses on six units of team competence, namely: communication; goal 
clarity; leadership; action plan development; team dynamics; and roles and responsibilities 
allocation; the combination of which impacts the way that the team interacts, communicates, 
cooperates, the extent to which synergistic working is achieved, and so on 
•Task Definition- Identifying the task requirements, customer requirements, goals, team's 
objective and purpose, situational boundaries and constraints 
In addition to the foregoing three main variables and four problem oriented variables, a 
further five variables (as follows) were incorporated into the main regenerative loop, as they 
facilitated further understanding and better presentation of loop dynamics. 
•Team Systems Development was used as a dummy variable which is dependent upon the 
states of team rules, roles, meeting execution and task definition 
•Task Organisation- is used as a measure of states of the following: task output definition; 
task planning and scheduling; task decomposition; individual and team task assignments; 
and task execution 
• Quality of Task Output- is a relative measure of the actual team output and the desired team 
output. It therefore represents the degree to which customer requirements are satisfied. 
• Team Performance- is a variable used to represent the observable performance of the team, 
based on an understanding of the job or tasks to be executed. In general it will be dependent 
upon the status of team development as well as the quality of task execution 
• Number of Team Assignments- in certain project oriented enterprises it is assumed that as 
the quality of a team's output increases, customer satisfaction will increase. As a 
consequence the team may either be assigned similar tasks or be assigned entirely new tasks. 
9.4.1 Explanation of Main Regenerative Loop 
Starting Point: Team Working Time 
As the team spends more time together, it becomes increasingly aware of individuals within 
the team. Team members' strengths and weaknesses become understood and the team learns 
to accept them. When members have gotten to know each other they can settle into a routine. 
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Group identity begins to emerge. An increase in team awareness should give rise to increased 
levels of trust within the team. Members begin to trust each other to execute individual task, 
make decisions, participate and contribute, express their view, accept criticisms and positively 
critique the view and opinions of other team members, as each member now acts in the best 
interest of the team. 
As levels of trust increase, two key variables are affected, namely: teamworking processes 
and task clarity. Teamworking processes determine how the team will operate as a unit, e.g. 
according to standard operating procedures. By enacting teamworking processes, the team 
will organise its application of the individual role performance (and therefore the team role 
performance) it possesses. As levels of trust increase the team can better identify the most 
effective teamworking processes. Once the team has determined a successful way of working 
it can now focus its energies on accomplishing the task at hand. 
As levels of trust increase the team focus on the task can get sharper. As a unit the team can 
now re-examine and clarify task definition and task requirements, and more clearly identify 
customer needs, task inputs, desired outputs, situational boundaries and constraints. 
From Figure 9.2, it can be observed that changes in either teamworking processes or task 
definitions will impact on five key variables. Further changes in one or more of these five 
variables will affect the degree of team systems development. It follows that the behaviour of 
the regenerative (positive feedback) loop depicted by Figure 9.2 is centred on dependencies 
between the following variables, namely: team role performance; team structure; team 
competence; clarity of task definition 
As team systems development is progressed, task organisation is also advanced. The team 
understands and enables its internal processes in a context determined by customer 
requirements and known ways of achieving tasks. The more developed the team becomes the 
more effective it is at organising task execution. Task organisation involves: planning and 
scheduling the task; task decomposition; specifying individual and team assignments; 
monitoring the execution of assignments; and evaluating the outcomes of completed tasks. As 
the team becomes more effective at organising itself and task execution then the quality of 
team outputs will increase. As the quality of the output increases, measures of team 
performance will increase and this will positively impact on the number of jobs assigned to 
the team. Hence further increases in team working time will result. 
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9.5 Key Variables that Impact on Team System Operation 
The Main Regenerative Loop depicted by Figure 9.2 illustrates the causal relationships 
between the key variables of an idealised functioning team system operation. Here it is 
assumed that a causal loop model of team systems can explain propagated team synergy (i.e. 
team system interaction and behaviours) from a point in time where a newly formed team 
performs a new task in an ideal environment. In the idealised situation modelled, the causal 
relationships will give rise to an exponential growth in key variables describing the team 
system. However in the following sub-sections the impact of balancing loops is described. 
These balancing loops 'dampen' the growth over time of the Main Regenerative Loop and 
maintain equilibrium states within the team system. 
Descriptions of the idealised Balancing Loops were developed by detailed study of the 
literature about transitions from stage of teamworking development to another. This literature 
characterised behaviours, events and activities that facilitate or impede transitions made by an 
idealised team as it moves from one teamworking development stage to another. Each of the 
Balancing Loops generated was 'connected' to the Main Regenerative Loop, thereby giving 
rise to a composite causal loop model of team systems 
As mentioned previously three balancing causal loop diagrams were developed, namely: 
• Forming-storming transition loop 
• Storming-norming transition loop 
• Norming-performing transition loop and 
To facilitate the development of these causal loop diagrams table 9.2 was used. This table 
identifies each stage of teamworking development in the first column. The second column 
lists the teamworking activities and behaviours anticipated at each developmental stage. 
Finally the third column identifies information found to be most useful information for causal 
loop creation because it records the activities expected to be needed to achieve state 
transitions, i.e. to progress from one stage of team working development to another. 
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Tcamworking 
Tcamworking Activities and Behaviours Anticipated at Activities Expected to be Needed to Achieve State (Stage) 
Development 
Each Developmental Stage Transitions 
Stage 
Forming Group initially coming together Team structure provided 
Communication is polite as true feelings arc withheld Regular meeting schedules established 
Ideas are simple Roles, tasks and responsibilities clarified through discussion 
Acceptable things are said Participation encouraged by all 
Feedback is minimal Learning about other's expertise, needs, values and 
Members are getting to know each other and settling in preferences is facilitated 
Strong dependence on team leader Members encouraged to ask questions in team meetings 
Storming Marked by competition and conflict Have members explain why their ideas are useful and how 
Members try to find their role within the team they may be improved 
Members assert themselves, their views and opinions Formal role clarification process conducted 
Authority, leadership and positions challenged Norms, supporting expressions of different views, have been 
Lack of collaboration and competition for control established 
Highest levels of participation Members encouraged to state how they feel and to express 
Little group identity views on issues 
Lower quality outputs, outputs a compromise because of Members given needed resources to do their job 
severity of conflicts within the team 
Discuss and establish team processes and ground rules 
Norming Individuals start to settle into their team roles Team rules and norms have been challenged and questioned 
Team members attitude shifts from one of competition to Consensus taken and challenging problems have been 
one of collaboration discussed 
Team identity starts to emerge Means of delegating have been established 
A greater degree of individual strengths and weaknesses Feedback requested and enabled 
Team ground rules established Open discussions about individual issues and concerns is 
Systematic and synergistic methods of working are enabled 
determined 
Perfonning High levels of creativity , openness and trust observed Assumptions, nonns and traditional ways of behaving are 
Feelings ofwannth towards other members questioned 
Easy acceptance of different views Self-assessment mechanisms developed by the group 
High levels of achievement felt Each member's contribution is celebrated 
Group takes time out to socialise Members potential developed to its fullest, through task 
Use ofteam performance measurements established assignments, training, education and feedback 
Output quality high and team productivity high 
Table 9.2- General Reference Model of Teamworking Progression, Developed to Identify Key Variables 
for Team Progression 
9.5.1 Forming- Storming Transition 
During the forming stage, a stimulus is usually provided within the team, to move from 
'getting to know each other' to working on the team purpose and goals, i.e. to achieve a 
transition from 'forming' to 'storming'. This stimulus may come from the team leader or a 
team member with the desire to progress the team as a functioning unit. Alternatively, as 
members become increasingly aware of each other, frustrations and differences may come to 
light that force the assembled group into the storming stage. Moving from the first to the 
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second stage requires letting go of comfortable discussion, starting to take real risks and 
expressing real feelings- possibly with resultant personal attacks. 
From table 9.2, it is noted that a series of activities are needed to achieve this transition. These 
include: 
• Team structure provided 
• Regular meeting schedules established 
• Roles, tasks and responsibilities clarified through discussion 
• Participation encouraged by all 
• Learning about other's expertise, needs, values and preferences is facilitated 
• Members encouraged to ask questions in team meetings 
There are a number of causal sub-loops that characterise the activities that occur to enable the 
forming-storming transition process. Each of these sub-loops interacts with the main 
regenerative loop to modify teamworking behaviour and its development through the 
'forming' stage. From figure 9.3 there are three sub loops that interact with the main 
regenerative loop. These are identified as follows: 
• Sub-loop 'A'- Knowledge of Team Members 
• Sub-loop 'B'- Complexity of Topics in Discussions 
• Sub-loop 'C'- Task Scheduling 
9.5.1.1 Sub-Loop 'A', Knowledge of Team Member 
As the team spends more time working together, its knowledge about individual members' 
mental abilities is enhanced. As a consequence the team and its members will be better able to 
determine who knows what and who can provide the best information and guidance on 
different topics. As the knowledge of each members' mental ability increases so too does the 
knowledge of each members' strengths and weaknesses. 
9.5.1.2 Sub-Loop 'B', Complexitv of Topics in Discussions 
Increase in team awareness, enhances the complexity of a team discussion and the 
controversial nature of topics examined. As controversial topics are considered, the opinions 
of the team members may differ. This may result in members of kindred spirits or individuals 
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that already know each other often taking similar sides. In this way cliques may start to 
emerge. 
The emergence of cliques within the team structure may not initially be destructive, however 
as the team develops they may begin to have a negative effect on trust within the team. 
Discussions and debates within the team, may quickly turn into two-sided arguments, "our 
side" and "their side", with each side competing against the other for control and influence. 
9.5.1.3 Sub-Loop 'C' Task Scheduling 
During the forming stage, in addition to the "increase of knowledge of members' strengths 
and weaknesses" and "increased complexity of topic," the team will also try to further clarif'y 
its purpose and objectives. As the team attains greater clarity of its task definition, it is now 
also able to identif'y and understand its task requirements. Enhanced degrees of clarification 
for task requirements definition results in better task decomposition and task planning which 
incorporates identification of necessary resources such financial, physical, human and 
information. 
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9.5.2 Storming- Norming Transition 
The main barrier between storming and norming stages arises because of unwillingness or 
inability of members to listen to and understand each other. Rather in some teams members 
react too rapidly, jumping to unfounded or ill-informed conclusions and then either defend 
their own position or attack other's positions. 
Achieving the storming to norming transition requires individuals to stop defending their 
personal views and to accept that they may be wrong or that others may have better ideas. 
From table 9.3, it is noted that a series of activities are needed to achieve this transition. These 
include: 
• Have members explained why their ideas are useful and how they may be improved 
• Formal role clarification process and role acceptance conducted 
• Norms, supporting expressions of different views, have been established 
• Members encouraged to state how they feel and to express views on issues 
• Members given needed resources to do their job 
• Different views are encouraged and conflicts are handled 
As with the forming-storming transition, there are a number of causal sub-loops that 
characterise the activities that occur to enable the storming-norming transition process. Each 
of these sub-loops interacts with the main regenerative loop to modify teamworking 
behaviour and its development through the 'storming' stage. From figure 9.4 there are three 
sub loops that interact with the main regenerative loop. These are identified as follows: 
• Sub-loop 'D'- Role Clarification 
• Sub-loop 'E'- Conflict Resolution 
• Sub-loop 'F'- Uneven Role Allocation 
9.5.2.1 Sub-Loop 'D'. Role Clarification 
When team development reaches a state where the team has identified a way of working, the 
team becomes equipped and able to specify individual's roles within the team. As the 
specificity of the individual roles increase, so it is likely that individual contributions will 
improve. This is because each team member now has a clear understanding of what he or she 
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is expected to do within the context of the team, how they should participate and how they 
should contribute to group activities. As the level of member participation increases, team 
members can more readily and effectively make contributions to the team's output, so that the 
quality of the team's output should increase. 
Increased levels of trust within a team are also likely to increase levels of participation and the 
quality of contributions among members. 
9.5.2.2 Sub-Loop 'E', Conflict Resolution 
As the number of conflicts within the team environment increases, there arises a need for 
constructive conflict resolution. Constructive conflict resolution improves the quality of the 
team's output 
9.5.2.3 Sub-Loop 'F', Uneven Role Allocation 
As role allocation amongst team members improves, so too will the level of participation and 
quality of outputs be likely to increase. However, uneven allocation of team roles can occur. 
For example a team may have more then one shaper. Such an imbalance of team roles can 
increase the number of conflicts within a team. Woodcock (1979) advances that disagreement 
and conflict at this stage is caused primarily by inappropriate roles assigned within the team 
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9.5.3 Norming- Performing Transition 
Achieving transition from norming to performing usually requires unanimous agreement as to 
how the team should function as a unit. It is desirable that all parties share a high level of trust 
before a team can attain the performing stage of development. Key variables that influence the 
achievement and the rate of norming to performing transition, as identified in table 9.3, were 
assumed to be: 
• Level of team member participation and contribution of ideas 
• Degree of self-organisation achieved 
• Team rules and norms have been challenged and questioned 
• Consensus taken and challenging problems have been discussed 
• Means of delegating have been established 
• Feedback requested and enabled 
• Open discussions about individual issues and concerns have been enabled 
As with the other transitions documented in the preceding sub-sections, there are a number of 
causal sub-loops that characterise the activities that occur to enable the norming-performing 
transition process. Each of these sub-loops interacts with the main regenerative loop to 
modify teamworking behaviour and its development through the 'norming' le stage. Figure 
9.5 shows that three sub loops were determined to interact with the main regenerative loop. 
These are identified as follows: 
• Sub-loop 'G '- Team Communication 
• Sub-loop 'H'- Refmement of Team Operating Structure 
9.5.3.1 Sub-Loop 'G'. Team Communication 
As levels of trust increase the tearnworking atmosphere becomes increasingly free and open, 
until each member can freely express his or her view. This informal, open and free 
environment encourages tearnworking, improves communication and the quality of team 
outputs. 
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9.5.3.2 Sub-Loop 'H'. Refinement of Team Operating Structure 
As the team working development progresses, i.e. team role performance, team operating 
structure, team competence, clarity of task definition and clarity of task requirements is 
enhanced the team may decide to review and refine its original operating structure. This 
refinement of the operating structure may ensure that the team's structure is suited to the 
specific task being performed. As such the degree of task organisation and the quality of task 
output will also increase because they are supported by a more task-specific team structure. 
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9.6 Conclusions 
Causal Loop Diagrams (CLDs) were used to identify and represent key variables pertaining to 
team system operation and the impact these variables have on team system performance. Four 
causal loops were presented. These included: 
• Main Regenerative Loop- showed the relationship among the key variables of team system 
operation and how they impact team performance 
•Forming-Storming Transition Loop- identified the key variables that enable transition of a 
team system from forming to storming 
• Storming-Norming Transition Loop- identified the key variable that modify team system 
behaviour and facilitates the transition of the team system from storming to norming 
• Norming-Performing Transition Loop- identified the crucial variables that influence team 
system behaviour and allow the transition from norming to the performing teamworking 
development stage. 
9.6.1 Contributions to Knowledge 
Causal loop diagrams (CLD) constitute a dynamic systems modelling tool. CLD were used to 
display the behaviour of cause and effect relationships from a systems standpoint. They show 
the interrelation causes and their effects. In this specific context the CLDs identified the main 
team system variables that influence performance. These loops were only developed for one 
phase of the team systems engineering life cycle, however, they provide significant insights 
into team systems operation and the factors that enhance as well as inhibit teamworking 
development and task realisation. 
The CLDs developed also provided inputs into the authors thinking about dynamic aspects of 
teams, and some of that thinking is coded on the following chapter as quantitative simulation 
models. 
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10 A DYNAMIC SYSTEMS MODELLING APPROACH TO TEAM 
SYSTEM MAINTENANCE 
The research goals were described in section 3.2.1 and focused on three main concerns, 
namely: 
i. Provide a better understanding of team systems and factors that impact on team system 
performance 
ii. Develop formalised representations of team systems and the relationships between team 
system entities 
iii. Provide concepts, techniques and tools to enable effective engineering of team systems 
In the two preceding chapters a CIMOSA enterprise modelling approach and causal loop 
diagrams, a dynamic systems modelling tool, were deployed in support of research goals (ii) 
and (iii) respectively. CIMOSA models were used to describe and decompose team systems 
into a manageable set of elemental activities. These models provided formal representations 
of team systems, their processes and elemental activities in a coherent and reusable way 
thereby enabling improved understandings of team systems. 
The causal loop diagrams (CLDs) were used to enact specific aspects of the knowledge 
documented by the CIMOSA modelling approach. The CLDs identified and represented the 
key variables of team system operation (the "0" phase ofDBOM life cycle) and the impact of 
these variables on team system performance. These diagrams were used to display the cause 
and effect relationships of team system variables, focusing specifically on the variables that 
impact team system operation. 
This chapter deploys a second dynamic systems modelling approach, namely the 'ithink' 
simulation tool. '!think' models can be used to help visualise process behaviour and process 
dependencies in a way that can unify views and concerns of different process owners (Chatha, 
2003). This chapter seeks to encode specific aspects of team systems knowledge in 
quantitative simulations using these 'ithink' models. Figure 10.1 illustrates the DBOM phases 
of the team systems engineering life cycle and highlights the area of focus for this chapter. 
This chapter seeks to further satisfY the research goal (iii), i.e. it will use the 'ithink' 
simulation tool to encode specific aspects of team system monitoring, thereby providing tools 
to enable effective team systems engineering. 
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Hence this chapter is as follows: i) a brief review of team system monitoring phase of the 
DBOM life cycle; ii) use the main regenerative causal loop diagram (developed in Chapter 9) 
to identify the 'ithink' modelling focus; iii) discuss the role of the 'ithink' simulation tool in 
the context of the MPM methodology (described in chapter 2); iii) use CIMOSA templates to 
identify key factors to consider in model development; iv) describe 'ithink' model 
development 
10.1 Team Systems Monitoring 
Team system maintenance incorporates two interrelated processes: monitoring and 
maintenance (Groesbeck and Van Aken 2001), where: 
• Monitoring includes diagnosing past performance and assessing group processes at key 
checkpoints to assess a team's process health; and 
• Maintenance includes assuring that teams receive the support and coaching needed to 
develop productive processes for the way they work together and perform core task routines 
However, as discussed in earlier chapters this study focused specifically on the monitoring 
sub-processes that comprise team system maintenance. As such team system monitoring 
naturally provides feedback with regard to team system effectiveness. In the first instance it 
can function to provide feedback with respect to teamworking development and task 
realisation perofrmance. Secondly, it provides feedback with regards to the suitability of the 
team members selected, team members roles allocated and the structure developed and 
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deployed. Finally it provides feedback with respect to the quality, i.e. fitness for purpose of 
the team type selected. In the study, it follows that team system maintenance, centres on team 
system monitoring and provides information pertaining to the performance and effectiveness 
of the previous three stages of the team systems engineering life cycle (refer to Chapter 8). 
Figure I 0.2 illustrates the event inputs, team system monitoring processes and the result 
outputs such as teamworking performance and team role performance. 
EVENT RESULTS 
TEAM MONITORING 
Teamworking Development _. Teamworking Evaluation 
Team Role Performance Tested =:: Task Realisation Evaluation Teamworking Performance 
Team Role Evaluation Task Realisation Performance Task Outcome 
Structure Revision Team Role Performance Structure Developed _. 
. Structure Refinement 
Figure 10.2· Team System Monitoring Processes and Activities, Event Inputs and Result Outputs 
10.1.1 Focus of'1think' Model Development 
The causal loop diagrams in the previous chapter identified and represented key variables of 
team system operation and the impact of these variables on team system performance. As a 
consequence of this, figure I 0.3 and a set of other representations were developed and 
documented. Figure I 0.3 visually illustrates the causal relationships between the key variables 
of an idealised functioning team system operation. In this figure it can be observed that there 
are five key variables that impact of team system development. These include: team role 
performance, team operating structure, team competence, clarity of task definition and clarity 
of task requirements. Team system development in turn influences task organisation, quality 
of task output and team system performance. 
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For example, if team competence is ineffective, this may adversely impact on the degree of 
team system development. Poor team system development, in turn may adversely influence 
task organisation, the quality of the task output and ultimately the team system performance. 
It follows then, that these five variables are important in the engineering of team systems. 
One of the main goals of this project (iii) is to provide tools and techniques to enable effective 
engineering of team systems and facilitate high team system performance. Therefore this 
chapter in support of this goal, aims to provide tools, using 'ithink' simulation models, to 
monitor and assess of two of these key variables, namely: 
• Team role performance 
• Team competence (teamworking development) 
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Hence this study encodes team systems knowledge (specifically about team role performance 
and team competence) into two quantitative simulation models, namely: i) "Teamworking 
Development and Evaluation Model" and ii) "Team Role Allocation and Team Role 
Performance Model." 
10.1.2 MPM Methodology and 'Jthink' Systems Thinking Tool 
Previous chapters considered various aspects of team systems engineering. This elicited a 
significant body of knowledge about teams so as to provide a basis for modelling static 
aspects of team system processes. This chapter focuses on an application of the third step of 
the MPM Methodology (described in chapter 2), which involves developing and validating 
dynamic models pertaining to specific aspects of team systems engineering: i) teamworking 
development (team competence) and; ii) team role performance. 
When deploying 'ithink' simulation tool to record selected aspects of team systems 
engineering into computer executable models with capabilities for simulating process 
operation and behaviour, the following approach was taken: 
i. Use static views captured and populated in conformance with ClMOSA diagramming 
notations to identify process and their elemental activities that comprise teamworking 
development and teamworking evaluation 
ii. Deploy 'ithink' model techniques so as to develop hypotheses about teamworking 
development and teamworking evaluation process behaviour and process dependencies 
iii. Test teamworking development and evaluation 'ithink' model developed 
iv. Use static views captured and populated in conformance with CIMOSA diagramming 
notations to identify process and their elemental activities that comprise team role 
allocation and team role performance 
v. Deploy 'ithink' model techniques so as to develop hypotheses about team role allocation 
and team role performance process behaviour and process dependencies 
vi. Test team role performance 'ithink' model developed 
Details of this approach are reported in the subsequent sections. It should be noted that within 
this research, two interfaces were developed for the simulation tool to initially input process 
changes into the simulation model and secondly to analyse and filter simulation data and 
present a meaningful analysis of system reaction, should the change in processes be 
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implemented. These interfaces were developed and integrated into the 'ithink™' model using 
the Excel spreadsheet application. 
10.2 Simulation Model of Teamworking Development and Evaluation (Appendix 6i) 
The teamworking development and evaluation 'ithiok' model was developed based on 
ioformation described io chapters 6 and 8. This sub-section explains how model development 
was achieved and will be structured by providiog: i) brief descriptions of the relationship 
between teamworking development and team competence; ii) representations and descriptions 
of the teamworking development domain process; iii) representations and descriptions of the 
teamworking evaluation domain process; and iv) an explanation of the developed 'ithink' 
model. 
To facilitate understandiogs of the model, this section deployed information obtaioed from the 
'Project Implementation Process' case study team described and analysed in chapter 5 as 
ioput data for the simulations. 
1 0.2.1 Teamworking Development Stages and Team Competence 
Teamworking development is characterised by four main stages: forming; storming; norming; 
and performing. Each stage is characterised by patterns of events and needed behaviours (see 
Table 6.6 which lists the characteristic features, physical and behavioural outputs and 
competence units for each life stage). 
The literature identifies an alternative approach to characterising the four main stages of 
teamworking development. This alternative was based on the notion that as a team transitions 
from one teamworking development stage to another the existence and degree of existence of 
known behavioural factors, i.e. units of competence, varies. Six of these units of competence 
(behavioural factors) were identified as being important. These included: goal clarity; action 
plan development; roles and responsibilities allocation; clarity of communication; team 
dynamics; and team leadership 
By attributing numerical values to these competence units it was observed that the 
competence of teams could be quantified as they progress from one stage of teamworkiog 
development to another. The resultant variation of values of team competence units over time 
will characterise team behaviours and thereby their response to an identified situation. 
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10.2.2 C1MOSA Representation and Description of the Teamworking Development 
Domain Process (DP22) 
The CIMOSA model of the 'teamworking development' domain shown in figure 10.4 
visually represents 'how' project teams work together as a unit. This model was created 
having observed that the domain process, DP22 can be considered to comprise of seven 
business processes. Fundamental objectives of this domain process are to introduce 
teamworking competence concepts (BP221); develop ideal scores (benchmark values) of 
teamworking competence (BP221-1 ); and to develop of units of teamworking competence 
(BP222, BP223, BP224, BP225, BP226, and BP227). 
10.2.3 C1MOSA Representation and Description of the Teamworking Evaluation Domain 
Process (DP32) 
It was also observed that "teamworking development" could be described in terms of those 
units of teamworking competence that an effective team should exhibit as it develops from 
one teamworking development stage to another. At each stage of teamworking development, 
a competent and effective team needs to perform characteristic actions and exhibit required 
behaviours. The demonstration of these actions and behaviours enables the team to achieve 
transitions from one stage to another stage. 
This domain process, DP32 is shown in Figure 10.5 and was observed to comprise six 
business processes. Fundamental objectives of this domain process are to: redefine benchmark 
values for units of competence (BP321 ); develop an action plan of teamworking development 
(BP322); test actual teamworking competence values (BP223); compile results (BP224); 
identify training requirements (BP225) and update teamworking development database 
(BP226). 
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10.2.4 Explanation ofTeamworking Development and Evaluations Leading to '/think' 
Model Development 
Following the thread of thinking developed in the CIMOSA diagrams shown in figures 10.4 
and 10.5, a sequence of activities that were candidates for inclusion into an 'ithink' model of 
teamworking development and evaluation were identified. The sequence comprise the 
following enterprise activities: i) introduction to teamworking competence concepts; ii) 
determination of competence benchmark values; iii) development of competence development 
action plan; iv) measurement of actual competence unit values; v) comparison of actual to 
benchmark competence values; vi) compilation of results; and vii) identification of training 
requirements. 
Bearing in mind this sequence of activities as a baseline, the team working development and 
evaluation 'ithink' model (Appendix 6i) was sub-divided into the following three sectors, 
namely: 
• Team Competence Differential Sector- within this sector competence benchmark values are 
determined; the actual competence values are inputted from excel sheets; and actual and 
benchmark competence values are compared. 
• Team Performance Sector- this sector compiles the results generated from the comparison 
between actual and benchmark values for each competence unit to determine the team's 
competence performance at varying instances in time 
• Training Requirements Sector- uses the benchmark values and the actual values for each unit 
of competence to determine the training requirements of the team. 
The development of these sectors within the 'ithink' model is described below. 
I 0.2.4.1 Team Competence Differential Sector 
'Team Competence' measures identify those behaviours that a team needs to exhibit to 
demonstrate competence. These behaviour indicators represent the social response of a typical 
team to an identified situation. As the team matures from one stage of teamworking 
development to another the units that the team needs to exhibit will change, i.e. the stage of 
development that the team is in will determine the unit of competence required and the degree 
to which it is required for the team to demonstrate effective and competent social 
performance. 
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For example, within the forming stage ofteamworking development team members are most 
concerned about identifying team goals and developing a team action plan. As such 
competence units of "Goal Clarity" and "Team Planning and Prioritisation" should be most 
prevalent during this stage. Similarly during 'storming' stage, team interaction processes will 
help teams to transition this difficult phase such that the "Team Dynamics" competence will 
be key. 
Table I 0.3 illustrates the degree of importance of each unit of team competence as 
teamworking develops 
UNITS OF TEAM STAGES OFTEMWORKING DEVELOPMENT 
COMPETENCE FORMING STORMING NORMING PERFORMING 
.. 
Goal Clarity 3 I . 2 I 
' 
. I . 
Action Plan Dcv~lopmcnt 3 I l. . . 3 
. 
. 
' . 
Roles and. ReSponsibilities 2 I I 2 
.· 
. .. 
Clarity ~fCommunication , - 3 .I 3 . . 3 
. 
. 
Tea_m riynal'nics•' I 3 . 3 2 
p . .. 
'. 
Leadership 
... 
2 I 4 2 
·. 
. ' 
TOTAL IDEAL SCORE 14 . 8 14 13 
. 
Table 10.1- Relative Importance of Units of Competence for Each Life Cycle Stage (Sheard et al, 2002) 
10.2.4.1.1 Team Competence Benchmarks 
It was determined that the competence unit values recorded into table 10.1 can be used as 
benchmark values as teams develop. Here each of the six units of competence has four ideal 
(or standard) values, one for each stage of teamworking development. 
For example, a team competent in the "goal clarity" unit of competence, will have ideal scores 
as follows: 3, I, 2 and I for forming, storming, norming and performing stages respectively 
241 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
In the developed 'ithink' model six converters were used to represent scores for each unit of 
team competence these converters are appropriately labelled as: 
• Goal Clarity Competence Ideal Score 
• Action Plan Development Competence Ideal Score 
• Roles and Responsibilities Competence Ideal Score 
• Communication Competence Ideal Score 
• Team Dynamics Competence Ideal Score 
• Leadership Competence Ideal Score 
Figure 10.6 illustrates an example of one such labelling for "Goal Clarity Competence Ideal 
Score." Therefore as the 'ithink' model runs and simulates teamworking development, the 
ideal values stored in these converters need to change. Here, using Table 10.1, six equations 
were determined one for each competence unit and attributed to each converter in the model. 
An example of one of these equations is illustrated below: 
Goal Clarity Ideal Score= 
IF (Stage of development)= I, THEN 3, ELSE 
IF (Stage of development)= 2, THEN I, ELSE 
IF (Stage of development)= 3, THEN 2, ELSE 
IF (Stage of development)= 4, THEN I, 
ELSEO 
These converters, that represent each unit of team competence ideal score, receive input from 
the 'stage of development' converter in the 'ithink' model, thereby enabling selection of ideal 
values as teamworking progresses. 
Also in the 'ithink' model (shown in a segment of the model in Figure 1 0.6) benchmark 
scores for each of the six competence units are obtained by multiplying the ideal score for 
each unit (described above) by the number of elements of each unit of competence6• The 
benchmark scores, for each unit of team competence (i.e. the scores against which the actual 
competence score of the team will be compared) are also represented in the model by six 
6 The number of elements of each unit of competence was obtained from the ''Teamworking Development 
Questionnaire in Appendix 7. In this questionnaire each unit of competence was decomposed into a number of 
elements of competence. A team may be considered competent in any one of these six units such as leadership, if 
it satisfies the requirements of each of the elements of the leadership competence. 
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converters. These converters are labelled: i) Goal Clarity Competence Benchmark; ii) Action 
Plan Development Competence Benchmark; iii) Roles and Responsibilities Competence 
Benchmark; iv) Communication Competence Benchmark; v) Team Dynamics Competence 
Benchmark; and vi) Leadership Competence Benchmark 
Again taking the example of the 'goal clarity unit of competence', this unit was decomposed 
into ten elements of competence (see Table 10.4). Thus to calculate the 'team goal clarity 
benchmark value the following equation was applied: 
Goal Clarity Competence Benchmark= 
TEAM GOAL CLARITY IDEAL X NUMBER OF ELEMENTS (I 0) 
In the "Teamworking Development" questionnaire a team assesses its teamworking 
development and assigns a value from 0 - 4 for each elemental statement in the question. See 
table I 0.2 for an illustration. The relationship between the benchmark value and the ideal 
competence score is visually represented in figure I 0.6 
COMPETENCE TEAM COMPETENCE RATING 
UNITS . 0 I 2 3 4 TOTAL 
d .• • TheTeam: ·.- ·. 
Has simple discussionsthat arc easy to foll~w I I 
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CLARITY OF. Discusses· _their :views openly 
... 
2 2 
COMMUNICATION Exchanges ate relaxed and infonnal '. 3 3 
.. 
Has a poSitive -~tm~sphere 2 2 
. Avoids talking over each other I I . I 
Wclc_omcs members to describe- their .feelings about a situation 0 0 
Genuine listcnin·g. .· .... ·. 0 0 
·. 
Clea~ dia.log~c a~~)ut communica~ion 
.. · . 
2 I 2 
GOAL CLARITY TOTAL SCORE I4 
Table 10.2- Goal Clarity Unit of Competence and its Elements (Extract from "Teamworking Development 
Questionnaire" 
10.2.4.1.2 Actual Team Competence 
In the 'ithink' model the team's actual score for each unit of competence is obtained from 
results of a questionnaire. The questionnaire (see Appendix 7) can be completed by each team 
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members or by the team as a unit. The scoring sheet comprises the six units of competence 
along with characteristic elements of competence, which an effective and successful team 
invariably displays. 
A rating scale is used and marks on a scale from 0 to 4 are awarded to each element of 
competence. The questionnaire allows the team to grade its performance with respect to a 
series of competence elements. The team's marks are inputted directly onto an excel sheet 
entitled "Teamworking Development Questionnaire" and the total score for each unit of 
competence is totalled on this excel sheet, before the totalled value is inputted to the 
developed ithink model. 
The actual total score for each unit of competence recorded on the excel sheet is then inputted 
directly into the !think Model. It follows that six values from the excel sheet are inputted into 
six converters in the !think Model. The names of these input converters are listed below: 
• Goal Clarity Actual Score 
• Action Plan Development Actual Score 
•Roles and Responsibilities Actual Score 
• Clarity of Communication Actual Score 
• Team Dynamics Actual Score 
• Leadership Actual Score 
10.2.4.1.3 Team Competence Differential 
A differential value for each unit of competence is calculated by the 'ithink' model at runtime 
using units of competence benchmarks and units of competence total actual score. The 
competence differential is thus obtained by subtracting the units of competence actual score 
from the units of competence benchmark score. For example as illustrated by Figure 10.6 to 
determine the "Goal Clarity Differential" the following equation is used: 
Goal Clarity Competence Differential= 
GOAL CLARITY COMPElENCE BENCHMARK- GOAL CLARITY TOTAL ACTUAL SCORE 
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Goal Clarity 
Competence 
Benchmark 
Goal Clarity 
Team Goal Clarity Total 
Actual Score 
Figure 10.6· Goal Clarity Differential, Extract from the Teamworking Development and Evaluation 
'lthink' Model 
10.2.4.1.4 Exceptions 
It should be noted from the "!think" model that the "Team Dynamics" and "Team 
Leadership" units of competence were modelled one-dimensional array converters. This is 
because each of these units of competence was decomposed into sub-units of competence. 
This same decomposition can be observed in the excel spreadsheet (see Appendix 7) where: 
• Team Dynamics was decomposed into Decision Making; Participation; Ground Rules and 
Conflict Resolution 
• Team Leadership was decomposed into Task Identification; Team Interaction and Team 
Development 
The following illustration describes the modelled relationship between the arrayed converters 
used to represent "Team Leadership" units of competence. Five arrayed converter represent 
this relationship, namely: leadership total ideal competence score; number of elements; 
leadership competence benchmark; leadership competence total actual score and leadership 
competence differential. 
Leadership Competence Ideal Score is a one-dimensional array, which is represented by 
columns 1 and 2 of Table 10.3. Column 2 represents the ideal value of each sub-unit of the 
team leadership competence at each stage of team working development. It should be observed 
that the ideal score for each sub-unit is the same; this is because "Team Leadership" 
competence represents the combination of all three of these elements. 
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SUB-UNITS OF TEAM IDEAL SCORE NUMBER OF LEADERSHIP Leadership Competence 
LEADERSHIP ELEMENTS COMPETENCE Differential 
COMPETENCE BENCHMARK 
Task Identification lf(Stage of Development)- I then 2 else 9 Task Identification Task Identification 
If (Stage of0cvclopmcnt)""2 then J else Leadership Leadership Competence 
lf(Stage ofDevclopmcnt)=3 then 4 else Competence Ideal Benchmark-
lf(Stage ofDcvclopmcnt)-4 then 2 else Score • 9 Task Identification 
Else 0 Leadership Competence 
Actual Score 
Team Interaction If (Stage of Development)- I then 2 else 11 Team Interaction Team Interaction 
If (Stage ofDcvclopmcnt)=2 then I else Leadership Leadership Competence 
lf(Stage ofDevclopmcnl)""3 then 4 else Competence Ideal Benchmark-
If (Stage of Devclopmcnt)=4 then 2 else Score*ll Team Interaction 
ElseO Leadership Competence 
Actual Score 
Team Development lf(Stage of Development)"' I then 2 else 11 Team Development Team Development 
If (Stage ofDcvclopmcnt)=2 then I else Leadership Leadership Competence 
If (Stage ofDcvclopmcnt)=3 then 4 else Competence Ideal Benchmark-
lf(Stage ofDcvclopmcnt)=4thcn 2 else Score*ll Team Development 
ElseO Leadership Competence 
Actual Score 
Table 10.3- Ideal Score for Elements of the 'Team Leadership' Competence Unit 
The number of elements for each sub-unit of "Leadership Competence" is identified in the 
third column of Table I 0.3. "Leadership Competence Benchmark" scores are calculated for 
each sub-unit in a similar manner to that described previously, i.e. the product of the ideal 
competence unit score and the number of elements of each respective sub-unit. Column 4 of 
Table I 0.3 shows the calculation of benchmark values for each sub-unit. These values are the 
product of individual ideal scores and their corresponding number of elements. 
"Leadership Competence Actual Scores" are derived from the values of each sub-unit total 
score generated from the 'Teamworking Development Questionnaire' (see Appendix 7). The 
"Leadership Competence Differential is the difference between two array converters, 
"Leadership Competence Benchmark" and "Leadership Competence Actual Score", as 
illustrated in figure 10.7. 
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Leadership Competence 
Ideal Score 
Number of Elements 
Leadership 
Leadership 
Competence 
Leadership 
Competence 
Differential 
leadership Competence 
Total Actual Score 
Figure 10.7- Leadership Competence Differential, Extract from the Team working Development and 
Evaluation 'Jthink' Model 
I 0.2.4.2 Team Competence Performance 
The objective of this section is to calculate a value for the "Team Competence Performance". 
Model calculations for "Team Competence Performance" are two-fold and incorporate i) 
performance calculations for each unit of competence and ii) calculations of the total team 
competence performance, which considered all six competence units. 
10.2.4.2.1 Performance o(Each Unit of Competence 
This sector uses actual scores the units of competence along with benchmark values for the 
units of competence to calculate the team's performance with respect to each unit of 
competence. These converters are the starting point for this sector and are used as an input for 
determining the "Team Total Competence Performance". 
An example of the calculations used to determine a team's performance with respect to goal 
clarity unit of competence is as follows: 
Goal Clarity Performance (see Figure 10.8)= 
[(GOAL CLARITY TOTAL ACTUAL SCORE/GOAL CLARITY COMPETENCE 
BENCHMARK)*! 00] 
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/·;;,; 
' ' -.. •••. 1 
Team Goal Clarity 
Actual Score ( 
Goal Clarity 
Competence 
Benchmark 
Goal Clarity Competence 
Performance 
Total Team 
Competence 
Performance 
Figure 10.8- Goal Clarity Competence Performance, Excerpt from '!think' Model 
I 0.2.4.3 Team Training Requirements 
The purpose of this sector is to identify the training required by a team. Competence 
benchmark values and competence differential values for each unit are used to calculate the 
training factor. For example as illustrated by figure 10.9, to determine the training factor for 
the "Goal Clarity" unit of competence the following equation was used. 
Goal Clarity Training Factor= 
GOAL CLARITY DIFFERENTIAL I GOAL CLARITY BENCHMARK 
Once the training factor was determined this value was input to the "Goal Clarity Training 
Requirements" converter to determine the team's need for training in this area of expertise. 
To determine the team's need for training with respect to the "Goal Clarity" unit of 
competence, the following equation was deployed: 
Goal Clarity Training Requirements= 
IF (Goal Clarity Training Factor= 0) THEN 0 ELSE 
IF (Goal Clarity Training Factor >0) AND (Goal Clarity Training Factor <0.33) THEN 0 
ELSE 
IF (Goal Clarity Training Factor= 0.33) THEN I ELSE 
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IF (Goal Clarity Training Factor> 0.33) AND (Goal Clarity Training Factor <0.67) THEN I 
ELSE2 
Thus if a team's "goal training requirements score" is less than 0.33 and a score of 0 is 
awarded that team does not require training. If a team's "goal training requirements score" is 
between 0.33 and 0.67, and the team is awarded a score of 1, then the team should perform 
some form of team building activity. Similarly if a team's "goal training requirements score" 
is above 0.67, the team is awarded a score of 2 and should engaged in team training and 
development with a consultant or facilitator (i.e. an individual external to the team). 
It should be noted that these values, i.e. 0.33 and 0.67, were set by the author and ideally 
should be set by the team being monitored prior to the start of their task. 
This procedure was repeated for each of the other five competence units and their individual 
training requirements were represented by five converters, namely: 
• Action Plan Development Training Requirements 
• Roles and Responsibilities Training Requirements 
• Communication Training Requirements 
• Team Dynamics Training Requirements 
• Leadership Training Requirements 
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Competence ( .. 
....... 
Benchmar1< 
Goal Clarity 
Competence 
Differential 
Training 
Factor 
Goal Clarity 
Training 
Requirements 
Figure 10.9- Team Training Requirements, Extract from '!think' Model 
10.2.4.4 Results from "Teamworking Development and Evaluation" Model" 
By using table pad icons this model generates two types of results, namely: 
• "Team Competence Performance, which tabulates the percentage performance of each of the 
six units of competence. The higher the competence percentage rating awarded the better the 
performance of the team. These values are also represented graphically by the model and 
illustrated below in figure 10.1 0. Figure 10.10 shows team competence performance for 
three units. These are leadership (30% ); team dynamics (70% ); and roles and responsibilities 
(40%). The team leadership and roles and responsibility scores are quite low and highlights 
the need for further observation and monitoring 
• "Team Training Requirements" which tabulates the training requirements of the team with 
respect to each competence unit. A score of two signifies that the team requires external 
assistance, possibly in the form of a consultant. While a score of one indicates that the team 
should engage in some manner ofteambuilding activity, usually in-house. Finally a score of 
zero indicates that the team is competent with respect to the unit being considered. These 
results can also be represented graphically (see figure 10.11). Figure 10.11 indicates that 
team dynamics as well as communication received a score of 2 indicating the need for 
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external support for the team, while team leadership received a score of 1, indicating the 
need for in-house training. 
Figure 10.10 .. Team Competence Performance for Process Implementation Project Team (Analysed in 
Chapter 5) 
The infonnation illustrated in these graphs (purely for explanatory purposes) were obtained 
from the 'Project Implementation Project' team operating within a Software Consulting 
company in Mexico and described in chapter 5 of this report. 
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14:31 . 13 Nov 200~ 
Team Competence Training Requirements 1 
Figure 10.11- Team Competence Training Requirements for Process Implementation Project Team 
(Analysed in Chapter 5) 
10.3 Simulation Model of Team Role Allocation and Team Role Performance 
(Appendix 6ii) 
J 
This subsection explains the method used to develop the second 'ithink' model, i.e. team role 
allocation and team role performance. The 'ithink' model was based on information reported 
in chapter 5 and 8. There follows: i) a brief description of the relationship between team role 
allocation and performance; ii) representations and descriptions of the team role allocation 
domain process; iii) representations and descriptions of the team role performance domain 
process; and iv) explanations of related 'ithink' model developments. 
10.3.1 Team Role Allocation and Team Role Performance 
Team role allocation is the process by which interpersonal roles are allocated to individuals 
within the team. As explained in chapter 5, Belbin's team role allocation methodology will be 
deployed within this report. It should be noted, however, that this approach to team role 
allocation addresses only behavioural role assignment since it is assumed in this report that 
team members are initially selected based on their technical competence and availability. 
Team role performance is the process of monitoring and comparing the behaviours exhibited 
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by individuals within a team context with ideal behaviours required of the team roles 
originally allocated 
Belbin, in 1981, proposed a set of eight significant team roles which, according to Belbin, 
were core to an effective decision-making team and which were also essential to other kinds 
of teamwork in organisational life (Hayes, 2002). According to Belbin (1981) therefore, there 
are eight roles that individuals can be allocated within a team. Associated with each of the 
roles are behavioural characteristics that affect not only the overall team's performance but 
also an individual's performance in the team. A high performing team should have a balanced 
mix of managers with different team role preferences, complementing each other's strengths 
and curtailing each other's weaknesses (Shi, 1997). The eight team roles as identified by 
Belbin are 'plant', 'resource investigator', 'chairman', 'shaper', 'monitor evaluator', 'team· 
worker', 'company worker', and 'completer'. 
As mentioned previously, one of the challenges that has plagued organisational research with 
respect to teams is not the assignment of team roles to individuals but rather the monitoring of 
individual team role performance to determine if the activities and behaviours executed by the 
individual are consistent with initial role assigned. In this context, the study posits organised 
use of a process of measuring team role performance can provide the basis of an approach to 
team role evaluation that might be used to address this challenge. The team role performance 
measurement process developed in this study is based on the use of 16 PF (Cattell, 1957) 
factors and the use of these factors is made with reference to Belbin (1981) Team Roles. The 
team role performance measurement process was introduced in some defined detail in Chapter 
5. 
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10.3.2 CIMOSA Representation and Description of the Team Role Allocation Domain Process (DP12) 
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Figure 10.12- Team Role Allocation Domain Process, DP12 (clr: Figure 8.14) 
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The CIMOSA structure diagram representing the 'team role allocation' domain centres on 
visually representing the process of allocating Belbin's eight team roles to individual team 
members, see Figure 10.12. This domain process was observed to comprise five business 
processes. Fundamental objectives of this domain process are to identify and introduce team 
members (BP121); execute Belbin's Team Role Self Perception Inventory (BTRSPI) 
(BP122); compile results (BP123); and distribute team roles (BP124). 
10.3.3 CJMOSA Representation and Description of Team Role Performance Domain 
Process (DPJJ) 
As illustrated by Figure 10.13, the CIMOSA structure diagram representing the 'team role 
performance' domain centres on visually demonstrating the process of monitoring, comparing 
actual role behaviours with ideal team role behaviours and updating the team role database. 
This domain process was observed to comprise four business processes and its fundamental 
objectives are to describe ideal team role behaviours (BP311 ); test actual team role behaviours 
exhibited (BP312); identify team role allocation suitability (BP313); and update a team role 
performance database (BP314). 
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Figure 10.13- Team Role Performance Domain Process, DP31 (c/r: Figure 8.22) 
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10.3.4 Explanation of Team Role Allocation and Team Role Performance Leading to 
'Ithink' Model 
Following the thread of thinking specified via the CIMOSA diagrams shown in figures 10.12 
and 10.13, and using the theoretical basis described in section 10.3.1, a sequence of candidate 
activities that need to be considered for inclusion in the team role allocation and team 
performance 'ithink' model was identified. These activities are required to: i) identify of team 
members; ii) execute a Belbin's team role test; iii) compile test results; iv) allocate team roles; 
v) describe ideal team role behaviours; vi) test and identify of actual team role behaviours; 
and vii) measure the suitability of team role allocation. 
Using these activities as a baseline, the team role allocation and team role performance model 
was sub-divided into three sectors, namely: 
•Team Role Allocation Sector- within this sector BTRSPI scores for each member are 
recorded using excel spreadsheets 
•Team Role Differential- within this sector the ideal team role behaviours are determined; the 
actual team role behaviours are inputted from excel sheets; and the actual and ideal team role 
behaviours are compared; 
• Team Role Allocation Suitability- this sector uses team role differential to determine the 
team role performance as a percentage and the suitability of each team member for the roles 
initially allocated 
The development of each sector is described in the following. 
10.3.4.1 Team Role Allocation Sector 
The results used to illustrate this model were again obtained for the 'process implementation 
project team located in Mexico. This team had five members. 
Based on their technical competence and availability, five individuals from within an 
organisation are selected to become members of a new team. From this point forward, these 
five members will be referred to as member I (Ml), member 2 (M2), member 3 (M3), 
member 4 (M4) and member 5 (M5). 
The purpose of Belbin's Team Role Self-Perception Inventory (BTRSPI) is clearly and 
carefully explained to each member, along with the desired completion procedures for the 
test. Following this a BTRSPI is completed and the results inputted directly into five tables in 
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an excel file entitled "Belbin's Team Role Self-Perception Test Results". An example of input 
data generated in this way is illustrated in Table 10.4 
MEMBER! 
ITEM 
SECTION a . b 
' 
d. :;; e 
' 
f g h 
I 0 4 0 .·· 4 0 2 0 0 
11 0. 6 .. 2 0 0 0 2 0 
Ill 3 
·. 
3 ·;;. 0 0 0 4 0 . 0 
IV 4 2 0 0 0 0 3 I 
V 
·. 
2 0 0 0 2 2 
. 
; 2 2 
VI 2 0 2 0 2 0 2 2 
VII 0 0. 3 I 3 3 0 0 
TEAM ROLES cw CH. SH PL RI ME TW CF 
SCORES 3 18 6 9 14 4 8 8 
Table 10.4- Example of BTRSPI Completion Table for Member I 
This excel-file uses a logical equation to transform the input data from the BTRSPI test into 
team role scores for each member. Table I 0.4 illustrates team role scores calculated for a 
member one of the case study team, i.e. member I received a score of 3 for the (CW) 
company worker team role. Figure I 0.14 constitutes the "Team Role Allocation" sector of the 
ithink model. The purpose of this sector is to convert team role scores for each member into 
team role rating scores, which are then input into another excel-file that is used to allocate 
roles based on the role rating scores determined within this model sector. 
10.3.4.1.1 Team Role Rating Scores 
Once the team roles scores for each members have been accumulated and recorded within the 
excel tables (see table 10.4), the next step taken when the simulation model is run is to 
determine whether the score recorded for each team role has a value which is very high, high, 
average or low. Table I 0.5 indicates the very high, high, average and low range values for 
each team role that was input to the simulation model 
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Figure 10.14- Team Role AUocation Sector 
From table I 0.5 it can be observed that for the company worker (CW) a score from: 
• 0 - 6 indicates a role that should be avoided by the individual, this range is awarded (0) 
within the model 
• 7 - 11 indicates an average inclination of the individual towards this role, this range is 
awarded a score of (1) within the model 
•12- 16 indicates that the member has a high tendency towards this team role, this is awarded 
a score of (2) and finally 
• 17 - 23 indicates the very high preference for the company worker role, this is awarded a 
score of (3). 
Ideally individuals who receive scores of (2) or (3) when a simulation is run are most suitable 
to perform a respective team role. Table I 0.5 indicates criteria for determining team role 
scores. 
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TEAM ROLES LOW SCORES AVERAGE SCORE HIGH SCORES VERY HIGH SCORES 
MODEL MODEL REPRESENTATION MODEL MODEL 
REPRESENTATION (0) (I) REPRESENTATION (2) REPRESENTATION (3) 
cw 0-6 7-11 12 16 17-23 
CH 0 6 7-10 11 13 14-18 
SH 0 8 9-13 14 17 18-36 
PL 0 4 5-8 9 12 13-29 
RI 0-6 7 9 10 11 12-21 
ME 0-5 6 9 10 12 13- 19 
TW 0-8 9 12 13 16 17 25 
CF 0-3 4-6 7-9 10 17 
Table 10.5- Team Role Score Ranges for Low, Average, High and Very High Tendency (Source: Belbin, 
1981) 
To perform this function of determining the degree of existence of each role type each 
member's results were accumulated in the converters labelled "Member Results" (see Figure 
10.14). Figure 10.14 also illustrates the transfer of data from "Member Results" arrayed 
converters to "Member Role Rating" arrayed converters. For example, the "Member I 
Results" converter is connected to "Member 1 Role Rating" converter. Within the "Member I 
Role Ratings" converter, each team role score indicated in Table 10.4 is analysed using Table 
10.5 to determine which range each score lies within. For example a (CW) company worker 
score of"3" shown in table 10.4, signifies a low tendency towards that role for member 1. 
Similar calculations for each team role score were performed for each member to determine 
where such roles exist to a low, average, high or very high degree using equation logic 
embedded into the ithink model. The application of one such equation is illustrated for 
member I where company worker score is calculated as follows: 
Member I Role Rating (CW) = 
IF (Member_l_Results [CW) = 0) THEN 0 ELSE 
IF (Member_ I_ Results [CW) > 0) AND (Member_ 1 _Results [CW) < 6) THEN 0 ELSE 
IF (Member_t_Results [CW) = 6) THEN 0 ELSE 
IF (Member_t_Results [CW) > 6) AND (Member_t_Results [CW) < tl) THEN 1 ELSE 
IF (Member_t_Results [CW) = 1 t) THEN 1 ELSE 
IF (Member_t_Results [CW) >I 1) AND (Member_!_ Results [CW) <16) THEN 2 ELSE 
IF (Member_t_Results [CW) = 16) THEN 2 
ELSE3. 
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Similar equations for each role type were used for each member, i.e. M!, M2, M3, M4 and 
MS. The "Member Role Rating" arrayed converters enable documentation of each members 
role rating (0, I, 2, and 3) for each of the eight team roles (CW, CH, SH, PL, RI, ME, TW and 
CF) 
Figure I 0.14 also illustrates a table pad icon labelled "Team Member Role Ratings" which 
was used to display role rating scores for each members' team role. 
10.3.4.1.2 Team Role Allocation 
Team Member Role Rating 
Member Score 
Member 1 Role Rating (CW) 0 
Member I Role Rating (CH) 3 
Member I Role Rating (SH) 0 
Member I Role Rating (PL) 2 
Member I Role Rating (RI) 3 
Member I Role Rating (ME) 0 
Member I Role Rating (TW) 0 
Member I Role Rating (CF) 2 
Table 10.6- Page 1, Table Pad, "Member 1 Role Rating Scores" from Model Simulation 
Table 10.6 illustrates one page of the table pad used to document member I 's role rating 
score. The pad comprises five pages, one for each member's score. The role allocation 
process is enabled primarily via excel-sheets and the method of interfacing Excel into 'ithink' 
is considered below. The resultant team role allocation process involves six iterative process 
steps as follows: 
Step 1: Exporting Data from Ithink to Excel Using Dynamic Data Exchange (DDE) 
This involves creating a link that will export data from a model. This is a simple step and 
involves creating a link from the ithink model to an excel-file named "Team Role Allocation". 
The link was created from the table pad, "Team Member Role Rating" provided by the 
developed 'ithink' model, see figure I 0.14. The process of creating such a DOE link parallels 
the process of Copying and Pasting data. 
Role rating scores for each member are thereby exported from the "Team Member Role 
Rating" table pad to a table of an excel file. Table 10.7 illustrates the data that has been 
exported, i.e. copied to and tabulated in an excel-file format. 
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·. ' . 
. 
TEAM ROLES MI M2 M3 M4 MS 
CW 0 I 0 2 I 
Information inputted from ''Team Role 
~ Performance" !think Model CH 3 u I SH 0 I 0 0 2 PL 2 0 2 3- _,. RI 3 2 «>-"" 0 0 ME 0 I 0 1__. .-'tC 
TW 0 I 0 .. 0 y 
CF 2 I 3 3¥ 3 
Table 10.7- Example of Data Exported from !think and Tabulated in Excel 
Step 2: Identifying the Maximum Role Rating For Each Team Role 
MAX VALUE: identifies ACTUAL VALUE: ensures that no team roles are NUMBER: represents the 
the maximum team role allocated to members where the max score is zero. If the number of members with the 
rating among the five max score among all five members with respect to a max score documented in 
members e.g. given role is 0, then that role is not allocated e.g. H6- column "H", e.g. 
G6- MAX (B6:F6) IF(G6>0, G6, "") 18~ COUNTIF (B6:F6, H6) 
~~ 
COLUMN# A B c D.....__ E p-....._ G IH I 
TEAM 
·" 
~CORE 
ROW# ROLES MI M2 M3 M4 ~ VALUE"'-. ACTUAL NUMBER ./ 
6 cw 0 I 0 2 I ,. ~ I .' 
7 CH 3 3 3. 0 I 3 3 3 
8 SH 0 I 0 0 2 2 2 I 
9 PL 2 0 2 3 I 3 3 .· I 
10 RI 3 2 0 0 o· 3 3 .. I . : 
11 ME 0 I 0 I 2· 2 2 I 
·.· .. 
12 TW 0 I 0 0 .. 0 I '· ... I ,I . 
13 CF 0 0 3 3 3. 3 .. ,3 . 3 .·· . 
Table 10.8- Extract from Excel Tables, Identifying Maximum Role Rating Per Team Role 
In this second step the author sought to i) identify the maximum score received for each role; 
and ii) the number of members that received the maximum score. These calculations are 
illustrated in Table 10.8 by columns "G", "H", and "I" 
Step 3: Match the Maximum Score Attained to a Specific Team Member(s) 
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This third step is primarily concerned with determining the member or those members who 
received the highest score for each team role type. This is a key aspect of the role allocation 
process. Ideally team roles should be assigned to the member with the highest role rating. 
Table 10.9 provides a visual representation of this step. 
These five columns are used to i) identify which members' rote rating score identified in Column .. 0" lists all the members 
columns "B" to "F .. is the mu score; and ii) list the member whose score was the max with the maximum scores, in the 
score in columns "J" to "N". the last column "0" simply lists all the members with the case of row #7, for the 'chairman' 
max scores for each team role. For example, in row #7, the score received by MI in role: 
column "B" is the same as the max actual score recorded in column "H'' ofthe same row, MEMBERS WITH MAX VALUE= 
thus "Ml" is recorded in column ''J", row #7. The equation logic that enables this (J7&K7&L7&M7&N7) 
operation is as follows: for CH role, 87=3; H7=3; thus J7= IF (B7=H7, .. M I'',"") 
-- ~ 
COLUMN# A IB c ID E F IG H 11 !( K IL M I N\ 0~ 
ROW# 
6 
7 
8 
9 
10 
11 
12 
13 
·. 
TEAM ROLE ALLOCATION 
TEAM I MAXSCORE . · . .. 
I 
ROLES 
MI M2 M3 M4 MS VALUE ACTUAL NUMBER MI M2 M3 M4 MS 
CW , 0 I 0 ·. 2 I 2 .... 2 I M4 
CH 3 3 3 0 I 3 3 3 MI M2 M3 
SH 0 I 0 0 2 2 2 I MS 
PL 2 .·.· 0 2< 3 I 3 3 I 
' 
M4 
RI 3 2 0 0 0 3 3 I . MI 
ME 0 . I o. I 2 2 2 .. 1 . MS· 
TW 0 ' I 0 < 0 0 I I I .. · M2 . 
CF 0 0 3 3 3 3 3 3 M3 M4 MS 
. 
Table 10.9- Iteration 1, Matching Maximum Role Rating Score to Team Members 
Step 4: Performing 1 '' Iteration Team Role Allocation 
With a view to assigning Belbin's eight team roles to members with the highest scores (as 
illustrated by Table 10.9 column "0") excel-tables using the following thread of thinking 
were developed: 
• Since the max possible role rating is 3, in cases where this score has been obtained, and 
where only one member received this maximum score (i.e. the value in column "!" of the 
same row is I), this team role will be assigned to this member first 
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MEMBERS 
WITH 
MAX 
VALUE 
M4 
MIM2M3 
MS 
M4. 
MI 
MS 
M2 
M3M4MS 
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• Two is the second highest role rating score and indicates a high tendency to perform the 
specific role, thus these roles will be considered next. If a maximum role rating score of "2" 
is obtained as indicated in row #6, column "H" of Table 10.9 and only one member has 
received this score as again indicated in column "I" of the same row, then this row is 
assigned to the individual 
•In cases where the maximum score rating is I, i.e. the individual has an average tendency 
towards a specific team role, and only one member obtains this score, the role is assigned. 
• The model assumes that each individual has a high natural preference for at least one team 
role 
Table I 0.10 indicates this trend of thinking, initially roles where the max score is three (3) is 
allocated, secondly roles with a max score of two and finally roles with a max score of one. 
The same procedure is repeated in columns "F' and "G" to assign roles to 
members in cases where the max scores were (2) and (1} respectively and 
where only one member had the max scores. The equations used were as 
Column "E" indicates the highest rote rating follows: 
score of(3). Along row #19, M4 is the only For a max score of{2}, along row #16, 
member with a role rating of (3), thus E19= M4 FI6~1F (AND (816•2, Cl6-l), Dl6, "''1 
and the equation logic is For a max score of{l}, along row #16, 
IF(AND (819:3, Cl'l:l), Dl9, "''1 F22•1F (AND (822•1, C22•1), D22, "'1 
~ ~ 
COLUMN A B c D 
---........ 
E F G 
TEAM MEMBERS WITH ll . 
ROW# ROLES ACTUAL NUMBER MAXVALUE MAX•3 MAX•2 MAX•I 
16 cw . 2 I M4 M4 
17 CH 3 3 .MIM2M3 
· .. · 
18 SH 2 •I MS . MS · . 
19 PL 3 I M4 M4 
. 
20 RI 3 I .. MI . . . MI .·. · . 
21 ME 2· I . MS .. . MS . . . 
22 .TW I I M2 M2 
23 CF 3· . 3 . M3M4MS .··.· 
.. . 
Table 10.10- Iteration 1, Initial Team Role Allocation 
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Step 5: Input for Next Iteration 
However, as noticed in table I 0.10 in general not all the team roles were allocated during this 
first iteration. For instance the chairman role (CH) and completer finisher (CF) roles were not 
allocated. Thus the author proposes the use of three iterations, which will repeat the equations 
and operations of the first iteration discussed and illustrated previously, from step I to step 4, 
and where the output of one iteration becomes an input to the next. Thus step 5, sought to 
generate the output of iteration I, which will be inputted to iteration 2. 
In order to generate the outputs of iteration I, it was determined that the following should be 
performed: 
• Identify which members have been assigned roles 
• Calculate the number of roles per member 
• Eliminate members that have two roles allocated 
Within this model it was assumed that each person may be suited to two roles- the first being 
his or her dominant one and the other his or her secondary role (Bel bin, I 981 ). 
COLUMN A c D E F G 
. 
ROW# TEAM ROLES M1 M2 Ml; .. M4 MS 
27 cw:··· .. 0 0 0 1 0 
28 CH. 0 . 0 0 0 0 
29 SH 0 0 0 0 1 
30 PL. . 0· O· 0 . 1 0 
31 ru,; 
' 
1 0 o· 0 0 
32 ME 0 0 0 0 1 
33 TW 0 I 0 0 0 
34 CF. 0 0 0 0 0 
35 SUB-TOTAL I I 0 2 2 ..• 
Table 10.11- Iteration 1, Allocation of Roles to Team Members 
Table I 0.11 was populated using data from table I 0.10 and indicates roles that have been 
assigned to each member (after iteration I), i.e. to M!, M2, M3, M4 or MS. For example, the 
values in column "C" ofrow #27 in Table 10.11 were determined from columns "E", "F" and 
"G", row 16, in table I 0.1 0. 
If"Ml" is present in "E", "F", or "G" column, row 16 of table 10.10, a value of I is entered 
in the corresponding cell in this table, see table I 0.11. 
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A logical equation developed to determine if "M I" was assigned the (CW) company worker 
role is that ofC27 (Table 10.11) = COUNTIF (EI6:G 16), "Ml ", ""). 
COLUMN I I J IK L IM N 
Number of Team Roles Assigned 
NUMBER OF ROLES PER MEMBER from Iteration 1. These values are 
inputted from row #35 ofTable 
-----
10.13 
ROW# MI M2 M3 M4 MS 
17 ITERATION I I I 0 2 2 
--
.I This row (#21) identifies team members 
. 
MAXROLES with less than two roles assigned, i.e. 0 or 
PER . I. For example, for J21= IF(Jl7=2, "", 
. 
18 MEMBER 2 2 2 2 2 "Ml") 
MEMBERS 'I .. 
NEEDING 
21 ROLES-IT! MI M2 M3 
Table 10.12- Determination of Members Remaining After Iteration 1, Input for Iteration 2 
It follows that the main function of table 10.12 is to identify members who have role 
allocations remaining after the first iteration has been performed, i.e. those members who 
have no team roles assigned or only one team role assigned. 
Step 6: Iteration 2, Eliminate Members With Two Team Roles and Match the Maximum 
Score Attained to a Remaining Team Member 
Essentially this is the initiation step of the second iteration. This generates a table similar to 
table 10.9. However, in this case only those team members with less than two team roles 
assigned are considered within this iteration. From table 10.12, it can be observed that after 
iteration 1 in the example only "Ml", "M2" and "M3" have less than two team roles assigned. 
Thus these are the only three members that will be considered during the steps of Iteration 2. 
This model offers the user three iterations to ensure that all team members have been assigned 
at least one team role. Iteration I comprised five steps that were described previously. Within 
iterations 2 and 3 similar steps are performed. 
Although the model allocates roles to team members using BTRSPI test results, there are 
cases when the model user (team design) may have to perform some allocation. For the 
example shown, in Table 10.13, it can be observed that "M!", "M2" and "M3" each received 
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the max team role score for the 'CH' role, they also each have one team role already assigned, 
and thus the model user must decide which member should assume the CH role. 
COLUMN A 8 le D lE IF G IH I ] K L M 
TEAM ROLE ALLOCATION- ITERATION 2 
TEAM MAXSCORE MEMBERS 
ROW# ROLES MI M2 M3 M4 MS ACTUAL MI M2 · M3 M4 MS REMAINING 
42 cw 0 I 0 2 I· 2 
43 CH 3 3 3 o. I 3 MI·. M2 M3 MlM2M3 
44 SH 
. 0 I 0 0 2 2 
I 
4S PL 2 0 2 3 I 3 
46 RI 3 2 0 0 . 0 3 
47 ME 0 I 0 I 2 2 . 
48 TW 0 I 0 0 0 I 
49 CF 2 I 3 •3 3 3 . M3 M3 
Table 10.13- Iteration 2, Matching Maximum Role Rating Score to Remaining Team Members 
10.3.4.2 Team Role Behaviour Differential Sector 
Team role differential compares the actual behaviours exhibited by each member to the 
desired behaviours of the team role to which he or she was assigned. As mentioned in Chapter 
5, there are ideal behaviours that can be used to determine individual team role performance 
(Dulewicz, 1995). This notion was founded on the works ofBelbin (1981), Cattell (1940) and 
Dulewicz, 1995). Based on an in-depth review of the works of these experts the author has 
developed a way of monitoring team role performance, which was described in detail in 
chapter 5. This approach is based on three threads of analysis, namely: i) identify ideal team 
role behaviour using the sixteen personality factors; ii) determine actual team role behaviour; 
and iii) compare actual behaviour to ideal to determine team role performance and role 
suitability. 
This approach to monitoring team role performance was illustrated by a case study example in 
Chapter 5. Here the author proposes that the 'ithink' modelling tool can provide a mechanism 
whereby this assessment process can become more reliable and can be made easier for the 
team under review to understand, deploy and adhere to. 
Table I 0.14 identifies the ideal behaviours necessary for successful performance of each team 
role, where for example the ideal behaviours required by the resource investigator (RI) role 
incorporates a high degree of emotional stability; high social boldness; high abstractedness; 
high openness to change and low vigilance. The degree to which the individual assigned to a 
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team role exhibits the required behaviours will determine his or her role performance and role 
suitability. 
TEAM ROLES 16 PERSONALITY FA TORS 
PLANT High dominance Low liveliness High sensitivity 
High social boldness High openness to change High abstractedness 
Lowwannth High reasoning High self-reliant 
Low privateness 
RESOURCE INVESTIGATOR High emotional stability High abstractedness Low vigilance 
High social boldness High openness to change 
CO-ORDINATOR High emotional stability High liveliness High rule conscientious 
High dominance Low warmth High perfectionism 
Low vigilance Low abstractedness 
SHAPER High tension High social boldness High vigilance 
High dominance Low rule-consciousness High apprehension 
Low emotional stability Low sensitivity 
MONITOR-EVALUATOR High reasoning Low liveliness High privateness 
TEAMWORKER High warmth Low dominance Low self-reliance 
Low vigilance 
IMPLEMENTER High rule-consciousness Low abstractedncss Low openness to change 
Low sensitivity Low vigilance High perfectionism 
COMPLETER-FINISHER Low emotional stability High perfectionism High apprehension 
High tension High rule-consciousness 
Table 10.14- (c/r: Table 5.6) Adapted from Dulewicz, 1995, "Validation ofBelbin's Team Roles from 16PF 
and OPQ" 
10.3.4.2.1 Actual Team Role Behaviours 
To determine the actual team role behaviour exhibited by each individual, the team must work 
together as a unit and complete the "Team Role Questionnaire." As discussed previously the 
questionnaire considers the behaviours exhibited by each member of the team with respect to 
sixteen criteria as defined by Cattell (1957) sixteen personality factors (16PF). The "Team 
Role Questionnaire has two parts. The first part of the questionnaire uses a bi-polar scale that 
team members use to rank and document dominant behaviours exhibited by each member. An 
extract of this questionnaire is illustrated in Table 10.15. This indicates the first part of the 
questionnaire where the team ranks and records the dominant behaviours displayed by the 
individual in the example (M4) who is allocated to the company worker (CW) role. 
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COMPANY WORKER (CW) ROLE Membcr4, M4 
BI-POLAR SCALE 
•• 
3 2 I 0 I 2 3 
Reserved, Detached 2 Outgoing 
Highly Intelligent 0 A veragc Intelligence 
Emotionally Stable 2 I Reactive 
Co-operative 0 Donli~ant--
' 
Serious 2 Lively, assertive 
Non-conforming . ' ' 3 Rule-conscious 
... 
Ventuiesome 0 Shy 
ToughMmindcd 2 
. 
TenderMmindcd 
Trusting' 
• 
. ·· 
· .. , 0 ... Vigi18nt' . . -
. 
l 
. 
. 
Imaginative _ 0 Practical 
+private . 2 
•• 
; Forthright, oPen 
~elfMissurcd 3 
·• 
Apprehensive, sclfMdoubting 
Traditional 0 Experimenting, flexible 
SelfMsufficient . . . ; 2 ; ; G~up Oriented . ·. 
Organis~, Socially Precise 2 Impulsive 
Relaxed 
· .. 
. 0 ; Tense ' 
Table lo.tS- Bi-polar Scale Used to Record the Behaviours Exhibited by the Company Worker, Extract 
from Team Performance Questionnaire 
The second part of the questionnaire uses a logical equation to convert the result inputs within 
the I 6PF Questionnaire, i.e. the scores received for each respective team role, into values 
within a range of I to 7, where I low tendency to display required behaviours and 7 indicates 
a high tendency (see Table 10.16). Thus the first part of the questionnaire is where the team 
ranks and records dominant behaviours (see table 10.15). While the second part (Table 10.16) 
simultaneously converts these values into suitable inputs to the 'ithink' model developed. The 
values so generated are inputted directly to the 'actual team role behaviours' arrayed 
converter. Here there are eight arrayed converters, namely: 
• CW Actual Team Role Behaviours 
• CH Actual Team Role Behaviours 
• SH Actual Team Role Behaviours 
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• PL Actual Team Role Behaviours 
• RI Actual Team Role Behaviours 
• ME Actual Team Role Behaviours 
• TW Actual Team Role Behaviours 
• CF Actual Team Role Behaviours 
10.3.4.2.2 Ideal Team Role Behaviours 
The degree of existence of the required dominant behaviours for each team role is calculated 
by analysing the "Team Role Questionnaire" results and assigned a value from 1 to 7, where 
the maximum possible score is seven (7). A score of (7) denotes that the individual under 
consideration exhibits the required behaviours for which he or she was initially allocated. 
10.3.4.2.3 Team Role Behaviours Differential 
Ob~ 
CW Actual 
Team Role 
Behaviours 
CW Behaviour 
Differential 
CW Ideal 
Team Role 
Behaviour 
Figure 10.15- 'Jthink' Model for CW Behavioural Differential 
The behavioural differential value for each team role is calculated using actual and ideal team 
role behaviour values. The behavioural differential is obtained by subtracting the sum of the 
actual team role behaviours from the sum of the ideal team role behaviours. For example to 
determine the "Company Worker Team Role Differential" (see Figure 10.15), the following 
equation is used: 
CW Team Role Differential= 
[CW Actual Team Role Behaviour (Rule-conscious)+ CW Actual Team Role Behaviour (Sensitivity)+ 
CW Actual Team Role Behaviour (Abstractedness) + CW Actual Team Role Behaviour (Vigilance)+ 
CW Actual Team Role Behaviour (Openness to Change) + CW Actual Team Role Behaviour 
(Perfectionism)]- [CW Ideal Team Role Behaviour (Rule-conscious)+ CW Ideal Team Role Behaviour 
(Sensitivity) + CW Ideal Team Role Behaviour (Abstractedness) + CW Ideal Team Role Behaviour 
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(Vigilance)+ CW Ideal Team Role Behaviour (Openness to Change)+ CW Ideal Team Role Behaviour 
(Perfectionism)] 
10.3.4.3 Team Role Suitability Sector 
The objective of this sector of the 'ithink' model is to determine "Team Role Suitability," i.e. 
the degree to which each member is suited to team roles initially assigned. The model 
calculations for "Team Role Suitability" comprise two parts, such as: i) performance 
calculations for each team role and ii) team role suitability calculations for each team role. 
10.3.4.3.1 Team Role Performance 
The team role performance uses the behaviour competence differential scores to calculate 
each team role performance. 
CW Behaviour 
Dill erential 
CW Suitability 
Factor 
CW Assessment 
Criteria 
CW Team Role 
Suitability 
Figure 10.16- 'Ithink' Model for Team Role Suitability 
As observed in Figure 10.16, the inputs to the 'CW Team Role Performance" converter are 
"CW Behaviour Differential," "CW Assessment Criteria" and "CW Suitability Factor." The 
assessment criterion is the number of behavioural factors required for successful performance 
of the respective team role. The number of behavioural factors required for each team role is 
determined from the second part of the questionnaire. 
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COMPANY WORKER (CW) ROLE 
RATING SCALE 
' 
TEAM ROLE 
I 2 3 4 5 6 7 SCORE ', ., 
Reserved, Detached Outgoing 
Highly Intelligent Average Intelligence 
Emotionally Stable Reactive 
Co-operative Dominant 
Serious Lively, assertive 
Non-conforming 6 Rule-conscious 6 
Venturesome Shy 
Tough-minded 5 Tender-minded 5 
TrUsting . 
' 
4 Vigilant 4 
Imaginative 5 Practical 5 
Private Forthright, open 
Self-assured Apprehensive, self-doubting 
Traditional 5 Experimenting, flexible 5 
Self-sufficient Group Oriented 
Organised, Socially Precise 5 Impulsive 5 
Relaxed Tense 
Table 10.16- Second Part of"Team Role Questionnaire", Calculations 
Table 10.16 identifies the assessment criteria used for the company worker role. Within this 
table it can be observed that six criteria were used to assess the performance of this role (these 
are highlighted). There were similar tables in the second part of the questionnaire that 
provides the assessment criteria for each team role. 
The team role performance value is calculated by dividing the "CW Behaviour Differential" 
by the product of the assessment criteria for each team role and the maximum possible score 
that can be awarded for each behavioural factor, i.e. seven (7). Thus for the company worker, 
CW Team Role Performance= 
CW BEHAVIOUR DIFFERENTIAL I (CW ASSESSMENT CRITERIA X CW SUITABILITY 
FACTOR) 
This procedure was repeated for the other seven team role types and their individual team role 
performance is indicated by: 
• Chairman (CH) Team Role Performance 
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• Shaper (SH) Team Role Performance 
•Plant (PL) Team Role Performance 
• Resource Investigator (RI) Team Role Performance 
• Monitor Evaluator (ME) Team Role Performance 
•Team Worker (TW) Team Role Performance 
• Completer Finisher (CF) Team Role Performance 
10.3.4.3.2 Team Role Suitability Sector 
The purpose of this sector of the 'ithink' model is to determine the suitability of each member 
for the team role that he or she had been originally assigned. An example of the 'ithink model 
is indicated in figure I 0.16 above 
In Figure 10.16, the input to the "CW Team Role Suitability" converter is "CW Team Role 
Performance." The logic used to calculate the "CW Team Role Suitability" is as follows: 
IF (CW Team Role Perfonnance = 0) THEN 0 ELSE 
IF (CW Team Role Perfonnance >0) AND (CW Team Role Perfonnance <0.33) TIIEN 0 
ELSE 
IF (CW Team Role Perfonnance = 0.33) TIIEN I ELSE 
IF (CW Team Role Perfonnance > 0.33) AND (CW Team Role Perfonnance <0.66) TIIEN I 
ELSE2 
Thus if the individual's "team role performance score" is less than 0.33, the individual is 
considered to be suited to the role initially assigned; a score of 0 is awarded. If the 
individual's "team role performance score" was between 0.33 and 0.66, and a score of I is 
awarded, then the individual is considered to be adequately suited to the team role assigned. 
But if the individual's "team role performance score" is above 0.66 then the individual is not 
suited to the role initially assigned 
It should be noted that these values, i.e. 0.33 and 0.66, were also set by the author and ideally 
should be agreed to by the team being monitored prior to the start of their task. 
This procedure is repeated for each of the other seven team roles. 
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10.3.4.4 Results from the "Team Role Allocation and Performance Model" 
The team role allocation and team role performance 'ithink' model was designed to generate 
two types of results using table pad icons and graph pad icons, namely: 
• Team Role Performance 'Table Pad' Results: which show the percentage performance that 
team member's display in each of Belbin's eight team roles. The lower the value, the better 
the team member performance meets the needs of the specific role 
• Team Role Suitability 'Graph Pad' Results: as illustrated by Figure 10.17 uses a bar chart to 
indicate the suitability of each member for the team role that he/she was originally assigned. 
A score of zero indicates that the individual has been ideally allocated to the respective role, 
while a score of two denotes that the team role was not suitably allocated. In Figure I 0.17 it 
can be observed that the individual assigned the CW team role, was awarded a suitability 
score of zero, which indicates that this team member was ideally suited for the team role 
assigned. However, the individuals assigned the CH, SH and PL roles were awarded scores 
of I, indicating that they were only moderately suited for the roles assigned 
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10.4 Analysis of "Teamworking Evaluation" and "Team Role Performance" lthink 
Models 
The "Teamworking Evaluation" model (Appendix 6i) receives input from the "Teamworking 
Development" questionnaire (Appendix 7) and uses this input data to perform the following 
activities: 
• Compare actual teamworking development to ideal teamworking development 
• Determine the performance of the team with respect to its team working 
• Identifies the training requirements of the team, i.e. whether the team is sufficiently 
proficient or in need of in-house training or in the weakest performance case in need of 
external teambuilding activities. 
Similarly the "Team Role Performance" model {Appendix 6ii) receives input from the "Team 
Role Performance" questionnaires and transforms this input data into: 
• Role performance information: which compares actual role behaviour with ideal team role 
behaviour 
275 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
• Role suitability is based on the performance of each individual in the role that he or she has 
been assigned and uses each role performance to determine the individual's suitability to the 
team role initially allocated. 
I 0.4.1 M ode/ Credibility 
With respect to the credibility of the 'ithink' models developed: 
• The "Teamworking Development and Evaluation Model" was based on the works of Sheard 
et al (2002) that developed and extensively tested an 'integrated team development 
framework'. This framework was based on the previous works of Tuckman (1977); Kubler 
Ross (1969) and Adair (1986), whose concepts have been used in practice for many years 
and are acknowledged to provide a basis for valuable tools leading towards understanding 
and characterising teamworking development 
• The "Team Role Allocation and Team Role Performance Model" was based on Belbin's 
Team Role Self Perception Inventory. This has been extensively used in practice in the UK 
and has been acknowledged by managers and consultants as a valuable tool for team role 
allocation 
Further, the CIMOSA, Causal Loops Diagrams and 'ithink' models are based on a vast array 
of literature reviews presented previously in this report (mainly in Chapters 5 and 6) that 
reflect important aspects considered by leading experts as crucial for team success and 
development. 
10.5 Summary- Model Development and Simulation 
The use of teams to meet organisational challenges has been increasing (Castka, 2003). While 
much of what has been written about teams relates to design principles and implementation 
strategies for successful team start-up, successful use of teams requires ongoing monitoring 
and maintenance of team processes (Groesbeck and Van Aken, 200 I). These researchers also 
postulate that teams need to mature both in their ability to work together as a team (teamwork 
processes) and in their abilities to perform their core work processes (task work processes). 
As such they continue, successfully sustaining team wellness requires ongoing attention to 
both internally driven team processes and externally supported organizational processes. 
This chapter proposed and demonstrated the use of two computer-executable models as one 
possible approach to structuring and facilitating the monitoring of two aspects of team system 
operation, namely: i) teamworking development and ii) team role performance. The use of 
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these models was found to require a suitable blend of modelling techniques that perform the 
required simulation (ithink) and spreadsheet analysis (Excel) 
Although time did not enable the Ithink models designed and developed during this study to 
be tested in practical use over an extended period of time, the models have been validated 
using data collected from the case study research at specific instances in time. They were 
observed to provide a valuable contribution to understanding of both the concepts surrounding 
teamworking development and ways of organising and achieving team role allocation and 
performance measurement. 
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11 CONCLUSIONS 
11.1 Summary of Research Findings 
Current concepts, approaches and support tools deployed during the design, building, 
operation and maintenance of team systems were reviewed. This illustrated a surplus of 
expert, well-researched and well-developed knowledge on teams, team systems, teamworking, 
teambuilding, team competence, team effectiveness and team performance. Yet, despite the 
plethora of techniques available, recent research reports that 70% of teams fail to produce 
desired results (Tranfield et a!, 1998). This offered evidence of a gap between the team-based 
approaches, tools and concepts that are developed, tested and available in academic settings 
and those that are understood and deployed in commercial environments. This was taken as 
justification for pursuing further research to provide industry with i) a better understanding of 
team systems and variables that impact on team system performance and ii) tools and 
techniques to enable the deployment of effective team systems 
11.1.1 Research Aims and Objectives 
Bearing in mind the research problem and goals, the study aims were set as follows: 
• To apply enterprise modelling and dynamic systems modelling concepts to underpin 
and formally represent results of analysis associated with typical team systems: thereby 
to better understand aspects of team systems. 
• To use enterprise modelling and dynamic systems modelling concepts to develop 
complementary and coherent sets of models describing various facets of team systems 
engineering: thereby enable the reuse of such models in various business context 
In support of the above, the following research steps were taken: 
• 'As is' data was elicited with respect to team systems and elements of team systems. 
The aim here was to document operations carried out by case study teams; assess their 
performance achievements; and to systematically capture explicit 'as is' models of 
multiple aspects of case study teams 
• 'As is' models were captured that explicitly represent key understandings about 
specific aspects of team systems with particular reference to: common operations 
performed; how these operations are executed; and defining who is responsible for 
operation execution 
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• 'As is' data, models and key understanding about teams were used to identify and 
represent dependent variables of team systems and cause-and-effect relationships and 
feedback loops interconnecting team system variables 
• Selected enterprise modelling and dynamic systems modelling concepts and methods 
were deployed to develop conceptual models of key aspects of team systems in a form 
that can that can underpin the engineering of team in different business contexts 
• The conceptual models developed were part-validated and tested using i) case study 
research; ii) observations about project teams; iii) observations about industry teams; 
and iv) questionnaires populated by student project teams and industry-based teams. 
• Case study research findings and the developed models were utilised to create a more 
holistic model of team systems engineering 
It follows that this research has mainly concentrated on i) understanding team system 
functioning; ii) formally documenting team systems and factors that impact on team system 
performance; iii) building reusable generic models of certain aspects of team systems; and iv) 
producing computer executable models to monitor and assess the performance of specific 
aspects of team systems. 
11.1.1.1 Contributions to Knowledge 
The literature did not uncover any previous research studies that have applied enterprise 
modelling and dynamic systems modelling techniques to: i) to facilitate improved 
understandings about team systems or ii) to enable the reuse of team systems knowledge in 
various business contexts. Therefore apparently this study is novel in the way in which it has 
deployed state-of-the-art complex systems modelling techniques to: 
• Aggregate various multi-perspective views about team systems knowledge and team system 
activities during the life time of teams 
• Formulate the basis of a holistic and coherent approach to team systems engineering 
• Codifying team systems knowledge in a reusable way 
These primary research achievements added to the body of knowledge on team systems 
I I. I .1.2 Aggregate Generic Knowledge on Team Systems 
The prime focus of attention was unifying team systems engineering concepts. ISO 14258 
identified three main classes of activities that are resource by people or groupings of people 
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within an enterprise, namely: i) 'what' activities; 'how' activities; and 'do' activities. As such 
there are many types of teams required in a typical manufacturing enterprise to resource 
activities conforming to these classes. This requirement for team type variety was mirrored by 
a variety of team types deployed and referred to in the literature. There are many types, 
definitions and classifications of teams. But there was an evident lack of standardisation of 
team definitions, descriptions, classifications and names. 
An assumption made in this study is that benefits can be accrued by i) standardising terms 
used to describe team types and team operations in enterprises; and ii) using this knowledge 
to develop a reference model, which classifies teams. Such a team classification reference 
model was proposed which categorises a standardised list of team types into three classes, 
namely: strategic, tactical or operational classes of teams. This notion was developed and 
documented in Chapter 4. Team system design, the initial stage of the DBOM lifecycle of 
teams, utilizes task definitions and task characteristics defmed by the team classification 
reference model, to identify team types that will facilitate a successful realisation of task 
goals. Ineffective team system design was assumed here to adversely impact on team system 
performance. Apparently the team classification reference model has potential to enable 
effective team design by providing a framework for selecting and matching a known team 
class to specific characteristics of the task the team will perform. However, team system 
design per say is not a prime focus of this research and it only proved possible to test the 
applicability of the reference model and framework in a limited way 
11.1.1.3 Formulate a Coherent and Holistic Approach to Team Systems Engineering 
A precept of this study is the teams are systems. As a consequence, team systems can be 
characterised by i) a complex combination of resources; ii) open system configuration; iii) 
constituent, inter-related sub-systems and components; and iv) functional requirements 
(Bianchard, 1998). The life cycle of a system includes those activities commencing with an 
identification of the need for a team and extending through system design, development, 
operation, and sustaining maintenance and support. An extensive spectrum of team system 
activities was identified and organised within the concept of a generic team system life cycle 
model. This assumed a four phase model (of similar but distinctive form to pre-published 
technical systems) which specifies life phases of design, build, operate and maintain 
(DBOM), where the focus of each of these phases if as follows: 
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• Team System Design: choosing the right team type, i.e. a team with characteristics, 
capabilities and capacities needed to perform the task(s) at hand within defmed constraints 
• Team System Building: the process of selecting a collection of individuals with different 
needs, backgrounds, and expertise and transforming them into an integrated and effective 
work unit (Thairnhain and Wilemon, 1987) 
• Team System Operation: which has two prime areas of concern, namely: i) teamworking 
development, 'the way the team plays'; and ii) task realisation, 'the direction of individual 
skills towards a united effort needed to complete tasks and attain goals' (Woodcock, 1979) 
• Team System Maintenance: which incorporates two main types of activity i) monitoring 
activities based on diagnosing past performance and assessing group processes at key 
checkpoints to assess a team's process health; and ii) maintenance activities that involve 
assuring that teams receive the support and coaching they need to develop productive 
processes (i.e. for the way they work together and perform core task routines) 
Figure 11.1 illustrates a generic model of the team systems engineering life cycle (DBOM). 
this generally applicable model 'positions' existing team system knowledge, by i) showing 
inter-dependencies between clusters of knowledge previously reported in the literature and ii) 
by defining an envelope (or scope of concern) that should be taken into account when 
engineering teams within specific business contexts. 
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In this figure it can be observed that activities associated with each phase interact with the 
activities associated with other phases. The model emphasises a general need to consider the 
overall team systems engineering life cycle when addressing issues relating to team system 
effectiveness and performance. For example, in the 'team system design' phase, the task 
definition is used to determine the task characteristics that will be employed to identif'y 
characteristics of the team most suited to successfully accomplish task goals. The DBOM 
model illustrated in figure 11.1 also shows that activities within the 'team system design' life 
phase have inter-relationships with the activities of various other life phases. For example, the 
'task characteristics' provide information about member skill requirements (member 
characteristics) and about functional role allocation needs. In this way the DBOM holistic 
model can in the future offer foundation concepts on which to build more complete and 
comprehensive team systems engineering models and computer-based tools that themselves 
lead to more effective teams. 
11.1.1.4 Step Change in the Provision of Delivery Mechanisms for Team Systems 
Engineering 
The MPM methodology, described in the chapter 2, was chosen as a foundation modelling 
mechanism to indicate how models of teams and team systems engineering might (in the 
future) be delivered into various business/industry contexts. Essentially MPM provided a 
structured way of deploying an internationally standard methodology for the enterprise 
modelling approach (i.e. CIMOSA) and systems modelling tools (namely Causal Loops 
Diagrams and 'ithink' simulation tool). Choice of MPM was made because in principle it has 
sufficient modelling concepts to i) document specific aspects of team system knowledge in a 
reusable form and ii) enact specific aspects of team system knowledge. 
i. Static views of team systems were captured and populated using CIMOSA diagramming 
notations. These notations were used to formally represent DBOM team systems 
engineering life phases, cutting through much of the complexity that previously inhibited 
collective understanding and coherent development of descriptions of more focused 
concerns. Three CIMOSA diagramming notations were deployed, namely, context, 
interaction and structure diagrams. This enabled semi-generic models of one team type 
(i.e. project teams) to be generated. Those models were as follows: 
• Overall context diagram, 'new project team systems engineering' 
• Overall interaction diagram, 'new project team systems engineering' 
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•Context diagram, 'team system building' (life phase ofDBOM) 
• Interaction diagram, 'team system building' 
• Structure diagrams: 'team role allocation', 'team structure development', and 
'team release' (sub-processes of team system building) 
•Context diagram, 'team system operation' (life phase ofDBOM) 
•Interaction diagram, 'team system operation' 
• Structure diagrams: 'task realisation', 'teamworking development', and 'team 
operation progress' (sub-processes of team system operation) 
• Context diagram, 'team system monitoring' (life phase ofDBOM) 
• Interaction diagram, 'team system monitoring' 
• Structure diagram: 'team role performance', 'teamworking development 
performance' and 'structure refinement' (sub-process of team system monitoring) 
ii. Causal Loop Diagrams (CLD) of project teams were also developed because they 
naturally support the process of generating clear mental pictures about dynamic aspects of 
team systems engineering. However, study constraints only enabled the development of 
CLDs describing operation phase of the DBOM model and the impact team system 
operation variables and interdependencies between variables have on team system 
performance. The main regenerative loop developed qualifies key cause-and-effect 
relationships impacting on team system operation and team system performance. The 
CLDs generated constitute graphical representations of team system operation with two 
focal concerns, i.e. task realisation and teamworking development. Secondary balancing 
and regenerative CLD loops were also created to formally represent team system 
operation transitions from one stage of teamworking development to another, in 
conformance with the F-S-N-P model 
iii. The 'ithink' Simulation Tool was used quantitatively to visualise process dependencies 
and process behaviours of specific aspects of team systems engineering. Figure I 1.2 
identifies the specific areas of foci of the ithink models created. The purpose of the initial 
model was to support team leaders, team designers and team members associated with 
project teams, by providing a tool to semi-automatically: allocate team roles among 
members; and monitor and assess the performance of members in roles initially allocated. 
A second ithink model was also developed to provide team designers with a tool to semi-
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automatically assess the teamworking progress of a specific team at instances in time 
during its operation. Thus three aspects of team systems engineering have been coded into 
the 'ithink' models, namely, team roles, team working development and monitoring (see 
figure I 1.2) 
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Table I 1.1 describes the enterprise modelling and dynamic system modelling techniques 
deployed in this study. It also identifies their intended purpose, their intended users and how 
they can be beneficially deployed. 
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TOOL APPLICATION USER HOW TO USE BENEFITS 
CIMOSA Capture, represent and fonnalise Team System Designer Create, validate and Reduced effort in team 
static view ofleam system processes verify team system or system design and 
Develops reusable models that can phase of team system life improved and consistent 
infonn the life cycle engineering of cycle design team system design 
project team systems quality 
Develop a common 
understanding of team 
systems and their 
processes 
Causal Loop Identify the key variables of team Team System Manager Evaluate alternative Improved validation of 
Diagrams system operation and the impact scenarios decisions 
team system operation variables and Team System Leader Support for decision Improved understanding 
intcrdependencics between variables making with respect to of factors that impact 
have on team system perfonnance team system operation team system pcrfonnance 
Useful in exception 
handling support 
'ithink' Visualise process dependencies Team Leader and team Monitor team system Faster decision making 
simulation between i) team role allocation and Members progress with respect to and improved quality of 
tool team role pcrfonnance monitoring; two factors, i.e. decision making 
and ii) teamworking development teamworking 
and teamworking performance development and team 
monitoring role performance. 
Assess team system 
performance against 
known standards of 
performance 
Identify individual and 
team training needs 
Table 11.1- Description of EM and DSM Tools and Techniques Employed- Application, Users, Benefits, 
Limitations 
11.1.2 General Conclusions 
Within the constraints of a single PhD study it is observed that the initial research objectives 
were achieved. However, shortcomings of the research were also identified and are discussed 
below. 
11.1.2.1 Reusability 
In this research generic knowledge about team systems was documented and enacted in a 
reusable way. For this purpose CIMOSA representations, causal loop diagrams and ithink 
simulation models were developed that in the future can be reused in specific contexts posed 
by any given host manufacturing enterprise. 
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11.1.2.2 Generality 
One of the fundamental objectives of this research was to deploy enterprise modelling and 
dynamic systems modelling concepts in order to improve the analytical basis on which teams 
are deployed in a manufacturing domain. However, the accessibility to real team systems 
operating data within this domain was limited. Necessarily therefore team systems operating 
in an academic environment became the focal point of study. Albeit that these teams were 
performing a manufacturing design task. However, in a large majority of practical data used 
team systems knowledge captured, recorded and documented in support of model creation and 
testing pertained to one team type (project teams) operating in an artificial setting. Hence one 
immediate next recommended step is to test the generality of the suggested models with 
respect to other team types and in actual business contexts. 
11.1.2.3 Choice of Research Approach 
The applicability of the research approach can be approved or otherwise by evaluating 
whether i) the research objectives have been achieved by the approach in a given time, and ii) 
further research can be built upon the results of that research. Here it was concluded that a 
significant fraction of the research objectives were achieved and also that the research 
delivered results that can be used by other researchers to further expand the research domain 
knowledge. Therefore the approach taken in this research can be considered appropriate. 
However, by no means it is suggested that the research approach proposed is the best possible 
one that could have been taken to achieve the research aims and objectives. There are many 
shortcomings and difficulties that will arise from implementing the concepts based on the 
research approach (These shortcomings are discussed in the following sub-section). 
11.1.2.4 Research Weakness 
A number of shortcomings of the research approach were identified that could not be tackled, 
primarily because of time limitations. For example, the research sought to deploy EM and 
DSM concepts to improve the analytical basis on which team systems are engineered, i.e. the 
means by which they are designed, built, operated and maintained. Because of the broad 
scope of team systems knowledge available and the inherent complexity of team systems, it 
was necessary to demarcate boundaries of this study. There are many types of teams systems 
that exist and function in a manufacturing enterprise. There are strategic classes of teams 
performing 'what' enterprise activities; tactical groups of teams executing 'how' activities; 
and operational sets of teams carrying out 'do' activities. It was not possible given the time 
286 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
constraints of this research to develop an understanding of the functioning of each type of 
team system currently utilised by the industry. Thus during the research, it became evident 
that it would be necessary to limit that coverage. Boundaries of the research that were 
demarcated were: 
• Project team systems were employed as the source of reference with regards to 
comprehending team system functioning and developing models of specific aspects of team 
systems 
• Team systems have two main areas of concern, namely: i) task aspect and ii) teamworking 
aspect. The task aspect describes the processes and activities that support task realisation 
while the teamworking aspect denotes the processes, activities and behaviours that enable 
teamworking development. The main research activities centred on the teamworking aspects, 
i.e. those activities, processes and behaviours that enable effective teamworking were i) 
formally documented; ii) used to create reusable generic models and iii) deployed to create 
executable models ofteam systems. This does not in any way diminish the importance of the 
task aspect in team system engineering. However, capturing, documenting and visually 
representing the task aspects of team systems development have been well researched. 
However, this research into the application of EM and DSM concepts and tools to 
teamworking aspects appears to be a novel notion. 
•The team system engineering life cycle aggregated knowledge of four phases (DBOM) of 
team systems engineering, namely: team system design; team system building; team system 
operation; and team system maintenance. However, only the latter three life phases were 
considered in significant detail. 
11.2 Future Work 
• This study proposed a team classification reference model, which grouped a standard list of 
team types into three classes of teams. This model was only tested in a limited way on a pre-
existing team. Further model testing and validation could determine the usefulness of this 
model and its potential applicability in terms of improving the fit between team system 
design and its intended purpose 
• The team systems engineering life cycle was developed which assumed a four-phase model. 
It specified life phases of design, build, operate and maintain. This approach to engineering 
team systems is new, as an in-depth review of the literature did not uncover any previous 
studies that have considered this perspective of team systems. As such this theory of a team 
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systems engineering life cycle could be further examined and tested with a view to provide a 
better understanding of team systems functioning 
• Enterprise modelling approaches and dynamics systems modelling tools were used to 
document and enact specific knowledge about team systems in a reusable form. However, 
modelling activities focused primarily on the teamworking aspects of team systems, since it 
was assumed that the task aspects had already been well-research. As such modelling efforts 
could be usefully extended to consider the task aspects of engineering team systems 
• During this research accessibility to team systems in a manufacturing domain was limited. 
Therefore the majority of the data on team systems captured and documented in support of 
model creation and testing pertained to teams in an academic setting. Hence the generality of 
the models developed could be tested in actual manufacturing contexts. 
•A key point noted within this research, was the use of'hard' modelling techniques, i.e. using 
CIMOSA diagramming notations, Causal Loop Diagrams and 'ithink' simulations to model 
specific aspects of team systems engineering. In the future, 'soft' modelling techniques can 
be used to represent, encode and enact similar aspects of team systems engineering and the 
results of these two research approaches can be compared and contrasted. 
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APPENDIX 1· PRODUCT DESIGN ENGINEERING (PDE) TEAM, CASE PROFILE 
This research focus is on Distributed Machine Design, Control and Monitoring and exploring 
new opportunities for the reconfiguration and reuse of machine elements at little or no cost. A 
business aim is to improve industrial efficiency through the use of distributed control 
components. 
Currently, companies are often forced to discard complete automation systems because they 
are unable to cope with changes. The COMPAG research project takes a new approach in 
building machines, which is Component-Based (CB). In this new approach, the various 
components of the production system, such functional groupings of actuators, sensors and 
control software can be reused, extended or reconfigured. 
Such an organised set of functional components is being developed by MSI researchers to 
satisfy common automotive production capability needs and enable the configuration of 
"process aware" production systems by deploying computer control and monitoring elements 
that form an integral part of the components reuse. 
From a systems engineering perspective, the "process aware" components so developed 
enable automotive production facilities to be developed, maintained and modified by process 
engineers without the need for conventional programming. 
To enable companies to investigate and evaluate the reconfiguration and use of machines 
throughout their lifecycle, an ongoing research programme aims to develop a common model 
of automotive machines and associated control logic. Through use of this model, project 
engineering partners, which typically include machine builders, process engineers, 
programmers etc., will be able to consistently "visualise" the evolution of automated systems 
at each stage of project engineering i.e. during machine design, build, evaluation, diagnostics 
and changes. 
The overall research programme is being undertaken by a group of researchers from the 
Manufacturing System Integration (MSI) Research Institute of Loughborough University, 
supported by several industrial companies, namely Ford Motor Company, Jaguar Cars LTD, 
Mannesmann Rexroth Group, Parker Hannifin LTD; and funded by Engineering and Physical 
Science Research Council (EPSRC). 
1-i 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
COMPAG Research Project 
Key aspects of the research programme are funded by EPSRC within a large research project 
known as COMPAG. The aim of the COMPAG (Component Based Paradigm for Agile 
Automation) project is to induce a step change in practice by prototyping a new generation of 
engine manufacturing machines based upon distributed control components. Typically this 
involves the implementation of physical component-based control elements (using LonWorks 
based technology) and the determination of the impact of the technology on current business 
processes via BPR modelling and evaluation (using the !think modelling tool). COMPAG 
project is also part of the UK governmental innovative manufacturing initiative. Initial work 
on COMPAG commenced on Olst January 1999 and it is expected to last for the duration of 
between three to five years. The COMPAG project exploits results from previous "proof of 
concept" research in MSI and aims to provide: 
• A comparison between current best practice and new practices 
• A proof of concept implementation of component based system control systems on practical 
assembly and transfer line machines; 
•A formal study of the business process implications, and 
• A generalisation of research results to enable a wider exploitation of the approach. 
Through the duration of the COMP AG project, MSI researchers have extracted and 
documented knowledge about current best practice, applying designs within Ford and its 
supplier companies as they engineer automotive production systems. 
Collaborators 
End Users 
• Ford Motor Company LTD: A leading automotive vehicle manufacturer, Ford and its 
subsidiaries are also engaged in other businesses, including manufacturing automotive 
components and systems, financing and vehicle rental. 
•Jaguar Cars LTD: One of the world's greatest automotive names which is renowned for 
style, performance, tradition and quality. 
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• Mazda Motor Corporation: A major Japanese automotive manufacturer which has a close 
working relationship with Ford Motor Company LTD. 
Machine Builders 
• Cross Huller: A ThyssenKrupp group company, Cross Huller is the sixth largest machine-
tool manufacturer in the world producing a diverse range of factory automation equipment. 
• Lamb Technicon: World leader in the design and production of flexible transfer-type special 
machine tools, and integrated manufacturing systems for the world-wide automotive, truck, 
and off-road vehicle industries. 
• Johann A Krause UK LTD: A ThyssenKrupp group company, Krause specialises in building 
machines for the assembly and testing of engines, transmissions and axles. Krause is the 
world's leading supplier of this category of special purpose machine. 
Machine Component Suppliers 
• Mannesmann Rexroth Group: One of the major global players in the supply of actuators, 
drives and controls for the production automation sector, also one of the main suppliers of 
hydraulic systems and components in the world. 
• Parker Hannifin LTD: One of the major global components suppliers and leader in the 
design and implementation of pneumatic hydraulic and electric drive systems. 
Technology Vendors 
• Echelon UK LTD: Echelon Corporation is a worldwide leader in distributed control 
networks. 
• FDS LTD: FDS has specific expertise in the design and implementation of component based 
control system software for machine control. 
• Hopkinson Computing LTD: Hopkinson Computing has particular experience in the design, 
analysis, modelling and simulation of manufacturing control systems. 
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APPENDIX 2· BELBIN TEAM ROLE SELF-PERCEPTION INVENTORY (BTRSPij 
Directions: 
For each situation distribute a total of ten points among the sentences which you think best 
describe your behaviour. These points may be distributed among several sentences: in 
extreme cases they might be spread among all the sentences or ten points may be given to a 
single sentence. Enter the points in the table at the end of this inventory. 
I. What I believe I can contribute to the team: 
A. I think I can quickly see and take advantage of new opportunities 
B. I can work well with a very wide range of people 
C. Producing ideas is one of my natural assets 
D. My ability rests in being able to draw people out whenever I detect they have something 
of value to contribute to group objectives 
E. My capacity to follow through has much to do with my personal effectiveness 
F. I am ready to face temporary unpopularity if it leads to worthwhile results in the end 
G. I can usually sense what is realistic and likely to work 
H. I can offer a reasoned case for alternative courses of action without introducing bias or 
prejudice. 
2. If I have a possible shortcoming in teamwork, it could be that: 
A. I am not at ease unless meetings are well structured and controlled and generally well 
conducted 
B. I am inclined to be too generous towards others who have a valid viewpoint that has not 
been given a proper airing 
C. I have a tendency to talk too much once the group gets on to new ideas 
D. My objective outlook makes it difficult for me to join in readily and enthusiastically with 
colleagues 
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E. I am sometimes seen as forceful and authoritarian if there is a need to get something done 
F. I find it difficult to lead from the front, perhaps because I am over-responsive to group 
atmosphere 
G. I am apt to get too caught up in ideas that occur to me and so lose track of what is 
happening 
H. My colleagues tend to see me as worrying unnecessarily over detail and the possibility 
that things may go wrong 
3. When involved in a project with other people: 
A. I have an aptitude for influencing people without pressurising them 
B. My general vigilance prevents careless mistakes and omissions being made 
C. I am ready to press for action to make sure that the meeting does not waste time or lose 
sight of the main objective 
D. I can be counted on to contribute something original 
E. I am always ready to back a good suggestion in the common interest 
F. I am keen to look for the latest in new ideas and developments 
G. I believe my capacity for judgement can help to bring about the right decisions 
H. I can be relied upon to see that all essential work is organised 
4. My characteristic approach to group work is that: 
A. I have a quiet interest in getting to know colleagues better 
B. I am not reluctant to challenge the views of others or to hold a minority view myself 
C. I can usually find a line of argument to refute unsound propositions 
D. I think I have a talent for making things work once a plan has to be put into operation 
E. I have a tendency to avoid the obvious and to come out with the unexpected 
F. I bring a touch of perfectionism to any job I undertake 
G. I am ready to make use of contacts outside the group itself 
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H. While I am interested in all views I have no hesitation in making up my mind once a 
decision has to be made 
5. I gain satisfaction in a job because: 
A. I enjoy analysing situations and weighing up all the possible choices 
B. I am interested in finding practical solutions to problems 
C. I like to feel I am fostering good working relationships 
D. I can have a strong influence on decisions 
E. I can meet people who may have something new to offer 
F. I can get people to agree on necessary courses of action 
G. I feel in my element where I can give a task my full attention 
H. I like to find a field that stretches my imagination 
6. If I am suddenly given a difficult task with limited time and unfamiliar people: 
A. I would feel like retiring to a corner to devise a way out of the impasse before developing 
a line 
B. I would be ready to work with the person who showed the most positive approach 
C. I would find some way of reducing the size of the task by establishing what different 
individuals might best contribute 
D. My natural sense of urgency would help to ensure that we did not fall behind schedule 
E. I believe I would keep cool and maintain my capacity to think straight 
F. I would retain a steadiness of purpose in spite of the pressures 
G. I would be prepared to take a positive lead if I felt the group was making no progress 
H. I would open up discussions with a view to stimulating new thoughts and getting 
something moving 
7. When I work in a group others can have problems with me because: 
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A. I am apt to show my impatience with those who are obstructing progress 
B. Others may criticise me for being too analytical and insufficiently intuitive 
C. My desire to ensure that work is properly done can hold up proceedings 
D. I tend to get bored rather easily and rely on one or two stimulating members to spark me 
off 
E. I find it difficult to get started unless the goals are clear 
F. I am sometimes poor at explaining and clarifying complex points that occur to me 
G. I am conscious of demanding from others the things I cannot do myself 
H. I hesitate to get my points across when I run up against real opposition 
Points Table 
SECTION ITEM 
A B c D E F G H 
I 
2 
3 
4 
5 
6 
7 
Transpose the scores taken from the points table above, entering them for each letter, section 
by section in the boxes below. Then add up the points in each column to give a total team 
role distribution score. The analysis and implications of your scores will be explained and 
discussed during the workshop. 
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SECTION Cw Ch Sh PI RI ME TW Corn 
I G D F c A H B E 
2 A B E G c D F H 
3 H A c D F G E B 
4 D H B E G c A F 
5 B F D H E A c G 
6 F c G A H E B D 
7 E G A F D B H c 
TOTAL 
(Source: Belbin 1981, 153-157) 
How to interpret scores 
The highest score indicates your preferred role on the team. The next highest scores suggest 
possible team roles you could adopt if there is less need for you to adopt your preferred team 
role. They are also areas of strength. 
Your two lowest scores indicate your possible areas of weakness. You are not likely to be 
able to function well in these roles, and they are better filled by team members with strengths 
complementary to yours. 
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APPENDIX 3- TEAM ROLE PERFORMANCE QUESTIONNAIRE RESULTS, 
PROJECT IMPLEMENTATION PROCESS TEAM (SOFTWARE COMPANY, 
MEXICO) 
Member! 
3 2 I 0 I 2 3 Personality Factors 
Reserved, detached 2 Warm, outgoing Warmth 
Highly intelligent 0 Average intelligence Reasoning 
Emotionally stable 3 Reactive, easily upset Emotionally Stable 
Co-operative I Dominant, assertive Dominance 
Serious 3 Lively, animated Liveliness 
Non-conforming 2 Rule-conscious Rule-conscious 
Venturesome 3 Shy Social Boldness 
Tough-minded I Tender-minded Sensitivity 
Trusting 3 Vigilant Vigilance 
Imaginative 2 Practical Abstractedness 
Private I Forthright, open Privateness 
Self-assured 0 Apprehensive, self-doubting Apprehension 
Traditional, conservative 2 Experimenting, flexible Openness to Change 
Self-sufficient 0 Group-oriented Self-reliance 
Organised, socially precise I Impulsive, unexacting Perfectionism 
Relaxed 3 Tense Tension 
3-i 
Team Systems Engineering and the Role of Enterprise Modelling Technology 
Member2 
3 2 I 0 1 2 3 Personality Factors 
Reserved, detached 3 Warm, outgoing Warmth 
Highly intelligent 0 Average intelligence Reasoning 
Emotionally stable 3 Reactive, easily upset Emotionally Stable 
Co-operative 2 Dominant, assertive Dominance 
Serious I Lively, animated Liveliness 
Non-conforming 2 Rule-conscious Rule-conscious 
Venturesome 2 Shy Social Boldness 
Tough-minded 3 Tender-minded Sensitivity 
Trusting 2 Vigilant Vigilance 
Imaginative 2 Practical Abstractedness 
Private I Forthright, open Privateness 
Self-assured 0 Apprehensive, self-doubting Apprehension 
Traditional, conservative 3 Experimenting, flexible Openness to Change 
Self-sufficient 2 Group-oriented Self-reliance 
Organised, socially precise 3 Impulsive, unexacting Perfectionism 
Relaxed I Tense Tension 
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Member3 
3 2 I 0 I 2 3 Personality Factors 
Reserved, detached 2 W ann, outgoing Warmth 
Highly intelligent 3 Average intelligence Reasoning 
Emotionally stable 3 Reactive, easily upset Emotionally Stable 
Co-operative 2 Dominant, assertive Dominance 
Serious I Lively, animated Liveliness 
Non-conforming I Rule-conscious Rule-conscious 
Venturesome 3 Shy Social Boldness 
Tough-minded 2 Tender-minded Sensitivity 
Trusting 2 Vigilant Vigilance 
Imaginative I Practical Abstractedness 
Private 2 Forthright, open Privateness 
Self-assured 2 Apprehensive, self-doubting Apprehension 
Traditional, conservative 2 Experimenting, flexible Openness to Change 
Self-sufficient 3 Group-oriented Self-reliance 
Organised, socially precise I Impulsive, unexacting Perfectionism 
Relaxed 2 Tense Tension 
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Member4 
3 2 I 0 I 2 3 Personality Factors 
Reserved, detached 2 Warm, outgoing Warmth 
Highly intelligent 0 Average intelligence Reasoning 
Emotionally stable 2 Reactive, easily upset Emotionally Stable 
Co-operative 0 Dominant, assertive Dominance 
Serious 2 Lively, animated Liveliness 
Non-conforming 3 Rule-conscious Rule-conscious 
Venturesome 0 Shy Social Boldness 
Tough-minded 2 Tender-minded Sensitivity 
Trusting 0 Vigilant Vigilance 
Imaginative 0 Practical Abstractedness 
Private 2 Forthright, open Privateness 
Self-assured 3 Apprehensive, self-doubting Apprehension 
Traditional, conservative 0 Experimenting, flexible Openness to Change 
Self-sufficient 2 Group-oriented Self-reliance 
Organised, socially precise 2 Impulsive, unexacting Perfectionism 
Relaxed 0 Tense Tension 
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MemberS 
3 2 I 0 I 2 3 Personality Factors 
Reserved, detached 2 Warm, outgoing Warmth 
Highly intelligent 2 Average intelligence Reasoning 
Emotionally stable 0 Reactive, easily upset Emotionally Stable 
Co-operative 2 Dominant, assertive Dominance 
Serious 2 Lively, animated Liveliness 
Non-conforming 2 Rule-conscious Rule-conscious 
Venturesome 2 Shy Social Boldness 
Tough-ntinded 3 Tender-minded Sensitivity 
Trusting 2 Vigilant Vigilance 
Imaginative 0 Practical Abstractedness 
Private I Forthright, open Privateness 
Self-assured 2 Apprehensive, self-doubting Apprehension 
Traditional, conservative I Experimenting, flexible Openness to Change 
Self-sufficient 0 Group-oriented Self-reliance 
Organised, socially precise I Impulsive, unexacting Perfectionism 
Relaxed 3 Tense Tension 
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APPENDIX 4· DATA COLLECTION TOOLS DEPLOYED FOR CASE STUDY 
RESEARCH (CHAPTER 7) 
STANDARD AGENDA FORMAT AND STRUCTURE (Source, Scholtes, 1988): 
Project Team: Meeting Date: 
No Agenda Composition Item Type Must do Time 
estimate 
I Icebreaker 
2 Review Agenda 
Add items, delete items, estimate time needed for each item. 
Rank item: must do today/should do today. 
3 Status reports on individual assignments 
(List assignments here) 
4 Other reports, presentations, activities or discussions. 
(List here) 
5 Review status of project: Where are we now relative to project 
plan? 
6 Assignments for follow-up activities (what? By whom? Due 
date?) 
7 Upcoming events, presentations and special meetings, etc. 
8 Review items of the "Action List" (Refer to 5.2) 
9 Review items on the "Future List" (Refer to 5.2) 
10 Agenda items for next meeting 
(List here) 
11 Meeting evaluation: questions and discussions 
TOTAL TIME 
Additional Comments: 
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TEAM MEETING RECORDS FORM 
1. Meeting Number: ____ _ 
2. Project Team:------
3. ('i)Indicate Team Member's Attendance: 
Member: 
Member: 
Member: 
Member: 
Member: 
Others Attending: 
4. Agenda: Enter words indicating the agenda 
topics. Check off an item when it is completed. 
Items not completed should be carried over to the 
next meeting. 
() I. Warm-up 
( ) 2. Agenda Review 
() 3. 
() 4. 
() 5. 
( ) 6. Set agenda for next meeting 
( ) 7. Meeting Review 
Date: ____ _ 
5. Brief summary of topics, decisions or 
conclusions and next steps (on reverse 
side) 
6. Future lists: items for future 
consideration but not for the next 
meeting. 
7. Meeting Review 
Next Meeting: 
Date___ Time ___ _ 
Signature of Scribe: ___ _ 
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TEAM GROUNDRULES AND OPERATING POLICIES 
Instructions: Use these questions to spur discussion of the desired project objectives and outcomes. Record 
answers and use the notes generated to develop method of approach to team's task. 
Step 1: Determine the nature of the project (outcomes, expectations) 
• What process or system will the team study? What parts of the process will the team NOT study? A flowchart 
may be useful in documenting the process or system and in showing the parts that the team should target. 
• What data needs to be collected to verify choice and focus the project? Data on the impact of changing customer 
requirements on production processes; product quantities, qualities and lead times; and resources requirements 
• What are the goals or desired outcomes of this project? 
• Document project start date and target date for completion. 
Step 2: Settle on team membership and logistics 
• Who will be the team leader? 
• Who will be the team scribe? 
• Who are the team members? Document the technical and educational background of each team member. 
• When, where, how often and for how long will the team meet? Document tentative meeting time during this 
semester, any changes to this schedule should be noted and communicated with the team observer. 
• Identify basic team ground-rules: promptness, attendance, meeting frequency, meeting place and time, 
participation, work assignments, meeting agendas and minutes and decision making within the team 
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TEAM OBSERVERS' RECORDING FORMAT 
No Meeting Characteristics Observations Interpretations/Conclusions 
I Topics Under Discussion 
2 Work Distribution- who 
does what? 
3 How often does each Team Leader 
member talk? Team Scribe 
Are there any Member 
interruptions? Member 
Member 
COMMENTS: 
4 Procedure for resolving Agreements and Disagreements: 
disagreements 
5 How often do discussions 
get side-tracked 
6 Team Operating Task Realisation 
Procedures 
Teamworking Development 
Stage ofTeamworking Development, Why? 
Stage of Task Realisation, Why? 
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APPENDIX 5- RESULTS FROM LOUGHBOROUGH UNIVERSITY PROJECT- TEAMS 1, 2, 3 AND 4 
TEAM 1- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
TASK PROGRESSION TEAM INTERACTION 
Project Definition and Requirements External Team Interaction 
i. Clarifying project description and objectives i. The acquisition of a team mentor, Arun Tosing, to advise the team on positive team 
ii. Teaching Module with Professor Weston on "Business Process Modelling" behaviour and team working processes 
iii. Teaching Module with Nikita Byer on "'Team Working" Assignment or Team Roles and Tasks 
Meeting Scheduling i. Selection of team leader and team scribe 
i. Scheduling next meeting ii. Initial allocation of tasks to individual team members 
Project Definition and Requirements Assignment ol Team Roles and Tasks 
i. Analysing the problem, the team is trying to identify the project description i. Individual Task Assignments perfonned with each team member being assigned hi or 
ii. Trying to develop a common understanding of the problem within the team, using problem decomposition techniques her own department wilhin the fictive company 
iii. The team is starting to develop a project schedule ii. With the individual task assignment individual responsibility and degree of autonomy 
Product Selection (with making decisions concerning his or her department) were discussed 
i. Possible products were identified by each member iii. The four departments were Engineering, Manufacturing, Business and Logistics 
ii. Product options were discussed by the team with respect to product complexity, product knowledge, and manufacturing processes iv. Individuals were assigned tasks with respect to their department and for each of these 
iii. The product was detennined by the team along with its essential parts task assignments deliverables were identified 
Meeting Scheduling 
i. Scheduling next meeting 
Project Definition and Requirements: Assignment ol Team Roles and Tasks 
i. Status of individual reports, this meeting's purpose was to report on individual progress and identify any problem or challenges lhat any of i. Individual Task Assignments perfonned with each team member being assigned his or 
the team members might be experiencing her own department within the fictive company and as such his or her own role 
ii. Chainnan- monitors the task completion with respect to project schedule, assists other departments in research activities and sets targets and Team Interaction and Teamworking: 
deadlines for individual departments i. Active participation observed by team member 
iii. Business Head- detennines the company profile, target consumer groups, company focus and company marketing strategy ii. Group identity observed 
iv. Manufacturing Head- identifies materials for refrigerator manufacture. Because if the extensive nature of this department the manufacturing iii. Team member contribution evenly distributed 
Head was assisted by the logistics and the engineering Heads as well as the Olainnan iv. Group conflicts handled constructively 
V. Engineering Head- presents pricing infonnation on the refrigerator components v. Members are receptive to the ideas of other team members 
vi. Logistics Head- examined the laws with respect to a wholly owned subsidiacy in Olina vi. Team leader's role is shifting from leading and directing to facilitating 
vii. For each department subsequent steps for research along with completion dates have been identified 
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TEAM 1- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
TASK PROGRESSION TEAM INTERACTION 
Project Definition and Requirements: Assignment of Team Roles and Tasks 
i. Status of individual reports, this meeting's purpose was to report on individual progress and identify any problem or challenges that any of i. Individual Task Assignments perl"ormed with each team member being assigned his or 
the team members might be experiencing her own department within the fictive company 
ii. Business Head· determines mains strategies and advantages; initial funding for the company; recruitment and training requirements; ii. With the individual task assignment individual responsibility and degree of autonomy 
marketing for company and product and profit projections (with making decisions concerning his or her department) were discussed 
iii. Manufacturing Head· presents a schematic of the production process highlighting the necessary machinery and production stages; iii. The four departments were Engineering, Manufacturing, Business and Logistics 
manpower requirements at each stage of the process and quality control measures within the process iv. Individuals were assigned tasks with respect to their department and for each of these 
iv. Engineering Head- presents two engineering designs; findings and estimates on different materials and components required for the task assignments deliverables were identified 
manufacturing process and encourages the use of environmentally-friendly products 
v. Logistics Head- estimates the factory size; estimates the number of workers; identifies factory location and benefits of location 
vi. For each department subsequent steps for research along with completion dates have been identified 
Meeting Minutes Structure, Information Included: 
i. Discussion topics: individual progress reports 
ii. Upcoming events: interim presentation, individual progress presentation 
iii. Future lists: identification of scenario changes 
Projed Definition and Requirements: Assignment of Team Roles and Ta.sks 
i. Meeting Purpose: CIMOSA Diagrams; Status of individual reports; report on individual progress and identify any problem or challenges i. Individual Task Assignments pcrfonned with each team member being assigned his or 
that any of the team members might be experiencing her own department within the fictive company and as such his or her own role 
ii. Olainnan- presents the Gantt Chart and discusses the team's progress with respect to the schedule ii. The team leader monitored the following: the team progression with respect to the Ganu 
iii. Business Head- identifies the sub-divisions operating within the business department and presents the CIMOSA diagram for his chart; the relation between the project focus and the original goals and meeting progress 
department with respect to agenda 
iv. Manufacturing Head- identifies the sub-divisions operating within the manufacturing department and presents the CIMOSA diagram for Team Interaction and Teamworking: 
his department i, The team appears to have settled into a productive way of working klgether, each 
v. Engineering Head- identifies the sub-divisions operating within the engineering department and presents the CIMOSA diagram for his member issues relating to his or her department which are then evaluated by the team. 
department ii. Team evaluation takes the form of decisions, discussions or future actions. 
vi. Logistics Head- identifies the sub-divisions operating within the business department and presents the CIMOSA diagram for his iii. Team operating procedure encourages participation from each member, thus team 
department participation is evenly distributed Active participation observed by team member 
vii. For each department subsequent steps for research along with completion dates have been identified iv. Group identity observed, the team has identified and accepted individual member's 
Meeting Minutes Structure, Information Included: stn:ngths and weaknesses. Group nonns begin to develop. 
i. Discussion topics; individual progress reports, CIMOSA Diagrams v. Team member contribution evenly distributed, team contributions have improved with 
ii. Future lists: identification of stage of team development more specific comments made by each member, Unnecessary comments have been 
reduced 
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TEAM 1· RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACTION 
12/11102 Project Definition and Requirements: 
;, Meeting Purpose: CIMOSA Diagrams; Causal Loops; Team-life Cycle Analysis and Interim Report and Interim Presentation 
ii. CIMOSA Diagrams- discuss review from CIMOSA work session with R. Monafred; revisions and corrections 
iii. Discuss and identify individual corrections to be made for the CIMOSA diagrams for each department 
iv. Causal Loops- identifies work to be done for completion of causal loop diagrams 
V. Decision- identifies change process to organisation 
Meeting Minutes Structure, information Included: 
iii. Discussion topics: CIMOSA Diagrams. Causal loops, Team Ufe Cycle Analysis 
iv. Future lists: CIMOSA to be refined, Causal Loops to be developed 
Meeting Review 
19/11102 Project Definition and Requirements: Team Interaction and Teamwor!Ong: 
;, Meeting Purpose: CIMOSA Diagrams; Causal Loops; Team-life Cycle Analysis and Interim Report and Interim Presentation Discussion of team working and stage of development 
ii. CIMOSA Diagrams- CIMOSA Diagrams re-evaluated "The team agreed that we are already in the 'Peiforming' stage. The reasons were given as 
iii. Causal Loops- revise and add Prime Balancing Loops such: 
. AU members feel that there is equal member utilk/Jtion . 
iv, Interim Report Presentation- . Members' strengths and weaknesses have been identified. For example, Simon is able 
v. Meeting Minutes Structu~ Information Included: to lead discussions during meetings and Dennis is abte to put forward constructive ideas in a tactful way. 
vi. Discussion topics: CIMOSA Diagrams, Causal loops, Team life Cycle Analysis . There is generally trust aJUl cooperation within the group. Nobody wiU be left on his 
vii. Future lists: Stella 'lthink' Model to be developed own to complete any tasks. 
. There is satisfaction with the team's progress. The team's progress is on schedule 
Meeting Review with what was pfanned on the Gann chart. The first droft on the C/MOSA diagram 
was deemed satisfactorily completed. 
. Any RroUI' or work problems once identified was auickly resolved if not orevented." 
26/11102 Projed Definition and Requirements: Assignment or Team Roles and Tasks 
;. Meeting Purpose: Causal Loops; Final Report Fonnat ;. Individual Task Assignments performed with each team member being assigned his or 
ii. Causal Loops- review of diagrams her own department within the fictive company and as such his or her own role 
iii. F'mal report fonnat discussion ii. Roles or individuals within the team are clear and each person's contributions are 
Meeting Minutes Structure, lnrormation Included: important and distinctive. 
;. Discussion topics: review of causal loops, identification of possible change scenarios iii. The team leader's role has changed to one of guiding and facilitating. All team members 
Meeting Review appear to be on the same level as the team leader with each member being a specialist 
within his or her own role 
iv, The team leader monitored the following: 
. the team progression with respect to the Gantt chart 
. the relation between the project focus and the original goals 
. meeting progress according to agenda 
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TEAM 1· RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
TASK PROGRESSION 
Projec:l Definition and Requirements: 
i. Meeting Purpose: to revise and review Causal Loops as per recommendations from D. Vera and R.H. Weston 
ii. Causal Loops- review of diagrams 
iii. Task allocation for final report fimnat 
Meeting Minutes Strudure.lnforma.Uon Included: 
i. Discussion topics: review of causal loops, report allocation for final report 
Meeting Review 
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TEAM INTERACllON 
Team Interaction and Teamworldng: 
i. The most obvious behaviouraJ trait at this stage is that the team is enjoying working 
together. The atmosphere within the team is informal and open as members appear to be 
freely expressing their views and opinions. 
ii. Team relationships are noticeably strong, open and friendly. 
iii. Team evaluation takes the fonn of decisions, discussions or future actions. 
iv. Team operating procedure encourages participation from each member, thus team 
participation is evenly distributed Active participation observed by team member 
v. Group identity observed, the team has identified and accepted individual member's 
strengths and weaknesses. 
Team member contribution evenly distributed, team contributions have improved wilh more 
specific comments made by each member. Unnecessary comments have been reduced 
Assignment of Team Roles and Tasks 
i. Individual Task Assignments perfonned wilh each team member being assigned his or 
her own department within the fictive company and as such his or her own role 
ii. Roles of individuals within the team are clear and each person's contributions are 
important and distinctive. 
iii. The team leader's role has changed to one of guiding and facililating. All team members 
appear to be on the same level as the team leader with each member being a specialist 
wilhin his or her own role 
Team Interaction and Teamworklng: 
i. The most obvious behavioural trait at this stage is that the team is enjoying working 
together. The atmosphere within lhe team is informal and open as members appear to be 
freely expressing their views and opinions. 
ii. The team has identified an effective means of working together that makes the best use 
of individual talents, abilities and energy. 
iii. Team relationships are noticeably strong, open and friendly. 
iv. Team operating procedure encourages participation from each member, thus team 
participation is evenly distributed Active participation observed by team member 
v. Group identity observed, the team has identified and accepted individual member's 
strenglhs and weaknesses. 
5-iv 
Team System Engineering and the Role of Enterprise Modelling Technologies 
TEAM 1- RESULTS OF BTRSPI 
NO TEAM OBSERVED TEAM MEMBER BEHAVIOUR HYPOTHESIS COMMENTS ON RESULTS (Belbln's Selr-Perception 
MEMBER Tests) 
I Simon Simon is a diplomatic. He involves the team by first discussing his views and then invites debates and further discussion from I. Chairman Similar to the results from Belbin's test 
other team members (C<Klrdinator) I agree that these two roles are the most dominant behaviours 
At tb~ beginning ofth~ project the team relied heavily on Simon for direction. During this time he acted as the 'Plant' for the team. 2. Plant 
"''' 
Simon exhibits. With <he 'Plant' role being mon: 
He was creative, imaginative and solved team problems. dominant at the start of the project with the 'Chairman's' role 
As the team developed, his role has changed from directing and guiding the team to facilitating team discussions. His role has becoming more dominant as the team developed. 
changed from providing the team with solutions to facilitating discussion on various items. 
2 Chin O.in is the team scribe and as a result his role was pre-determined. He, however, has developed well in his role. Chin is I. Team worker Similar to the results from Belbin's test 
meticulous in documenting the team's activities and events. 2. Completer/Finisher The results of this test also indicated the Chin may also 
One of his roles within the team is helping the team to maintain focus and keep track of activities done, planned and outstanding. exhibit some of the behaviours of the 'Resource Investigator' 
He possesses all team records and aptly performs these tasks. His major role within this team is 'Completerlfinisher', His other role. I have not noticed this. 
main role within the team is that of 'Team worker'. He listens attentively to team discussions primarily to document team 
activities but he uses information collected to contribute to teamworking, build on ideas generated. He is perhaps lhe best listener 
in the team 
3 Dennis Within this team, Dennis offers a different perspective. His views and opinions allow the team to consider alternative viewpoints I. Shaper Dennis results ,,., demonslrated high values 
'"' 
<he 
on the problem. 2. Completer!Finisher behaviours of 'Monitor Evaluator'. 
He freely expresses his opinions and views on all issues. The most dominant behaviours that be exhibits are those of 'Shaper' role; 3. Monitor Evaluator J also agreed with this conclusion 
where he actively tries to shape the way lhat team effort is applied and team outcome is achieved. 
Aside from these characteristics, because of his ability to view problems from different angles, he appears to meticulously check 
to ensure that mistakes and omissions are avoided. 
4 Phoo Within the team, Phoo from my observations exhibits the behaviours of the 'Resource Investigator' and the 'C<Hlrdinator', She is I. Resource Investigator Similar to the results from Belbin's test 
communicative and extroverted. Within lhe group, she acts as a C<Hlrdinator often bringing different ideas together to fonn some 2. Co-ordinator I agree that lhese two roles are lhe most dominant behaviours 
sort of consensus within the group. that Phoo exhibits. With the 'Co-ordinator's' role being more 
She is confident and freely expresses her opinions and views. dominanl 
5 Victor Within this group victor is the primary 'Implementer'. He keenly carries out agreed plans systematically and efficiently, He is also I. Implementer Similar to the results from Belbin's test 
consistent, dedicated and disciplined. He is reliable and lhe team can depend on Victor to execute lhe tasks assigned according to 2. Completer!Finisher I agree that lhese two roles are lhe most dominant behaviours 
agreed plans. lhat Victor exhibits. Wilh the 'Implementer's' role being 
Victor is also quite meticulous and reviews work assigned to ensure that nothing have been omitted and no makes have bee made more dominant. 
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TEAM 2- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACTION 
14110102 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Analysing the problem, the team is trying to identify the project description i. Identification of team members and team members skills and work 
ii. Project definition was analysed with respect to project aim, project challenges and project goals experience 
Product Selection ii, Identification of team leaders and team scribe 
i. Product options were discussed by the team with respect to product family, manufacturing processes, personal knowledge within the team Team Interaction and Team working: 
Meeting Schedule 
i. Meeting frequency and durations 
15/10102 Project Definition and Requirements Assignment or Team Roles and Tasks 
i. Analysing the problem, the team is trying to identify the project description i. No allocation of individual tasks 
ii. Project definition was analysed with respect to project aim. project challenges and project goals Team Interaction and Teamworking: 
Product Selection 
i. Describing the production process for the crankshaft and power shafts used in trucks and brake discs used in cars 
ii. Identifying areas of concern such as customer requirements, number of customers, number of suppliers 
iii. Documenting areas for further research namely; market scenarios, company strategy, change processes 
Meeting Schedule 
16110/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Analysing the problem, the team is trying to identify the project description i. Initial task allocation initiated with work being assigned to Gustav 
ii. Project definition was analysed with respect to project aim, project challenges and project goals and Alex 
Product Selection Team Interaction and Teamworking: 
i. Selection of the product family: power shafts 
H. Identifying areas of concern such as process bottlenecks, lead times, any cost assumptions, predictable and unpredictable changes to the 
production process 
Meeting Schedule 
I. Identifying weekly meeting times and dates 
IL Identifying future steps such as developing a Gantt Chart, identifying team goals and task 
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TEAM 2- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACTION 
17/10/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Analysing the problem, the team is trying to identify the project description i. Identification of individual members nationality, educational 
ii. Project definition was analysed with respect to project aim. project challenges and project goals background. technical background, main interest and hobbies 
Product Selection Team Interaction and Teamworking: 
i. Discuss the production process in tenns of manpower requirements, production batch changes, production process improvements i. Develop teamworking ground rules such as promptness, attendance, 
ii. Identifying the data needed: human resources, market needs, company needs and competitor needs meeting frequency and meeting place, participation, work 
iii. Defining team goals: learning to work as a team and mapping the production process assignments, meeting agendas and decision making strategy 
iv. Identifying project duration: project start and completion time ii. Identify meeting times and dates 
Meeting Schedule 
21/10/02 Projed Definition and Requirements 
i. Clarifying project goals, project structure, project tasks 
Product Selection 
Meeting Schedule 
24110/02 Project Definition and Requirements APPENDIX 2-A Assignment of Team Roles and Tasks 
i. Discussing project goals: to learn to work as a team; to map and develop a production process and to model this production process using i. Initial allocation of roles work and responsibility has been done. 
CllviOSA modelling tools, Causal Loops and Ithink Modelling tools However, most of the activities perfonned to date were done by the 
ii. Describe project status with respect to Team's Gantt Chart team as a unit and there is no clear division between the task and 
Product Selection between individual members 
Meeting Schedule Team Interaction and Teamworking: 
i. Future lists: interim presentation; leadership profile results i. Team is confused by the task and the desired goaJs and outcomes 
ii. Some members asserting themselves with strongly expressed views 
iii. Member participation unevenly distributed with some members 
talking over each other. The more assertive and aggressive team 
members dominate the debates/arguments with the other members 
withdrawing in an effort to avoid conflict. 
iv. High levels of conflict exist within this group as members argue 
even though they may agree on the same point 
V, Discussions were characterised by interruptions, repeating similar 
points and talking over each other 
vi. No clear task allocation was observed 
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TEAM 2- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
TASK PROGRESSION TEAM INTERACfiON 
Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Discussing and stating project objectives; the team has decided to use main items on its Gantt Chart as the objectives of the i. Team roles and work have been allocated within this team. members of the team are 
project assigned individual work, the progress of which they must report during each meeting 
ii. Monitoring project progress with respect to Gantt Chart Team Interaction and Teamworking: 
iii. The team is starting to discuss causal loops i. Team atmosphere at this meeting is more relaxed, open and infonnal 
iv. Discussing the progress ofthe interim report and interim presentation ii. Member participation has improved compared to the degree of team member 
Product Selection participation at the last meeting 
Meeting Schedule iii. Some members asserting themselves with strongly expressed views. Within this team, 
i. Discussing project frequency over the next week there are several members with strong and dominant personalities and as such 
ii. Review of interim presentation disagreements are characterised by persuasive and argumentative debates. 
iii. Future Usts: review of Belbin's test results; CIMOSA diagrams; starting to develop Causal Loops iv. Team members are still talking over each other. The more assertive and aggressive team 
Project Definition and Requirements 
i. Identifying individual tasks progress. Task have been allocated within this team with Alex and Gustav considering process 
improvements; Alex. Helen, Gustav and Johnson working on CIMOSA diagrams; Alex. and Johnson working on Causal 
Loops, Pinyo was assigned to lthink modelling; and Helen and Gustav will work on the interim report and presentation 
ii. Reviewing and monitoring project progress 
iii. Meeting main topics: CIMOSA diagrams and Team Wor:k Situations 
iv. Revising CIMOSA Diagrams 
v, Causal Loops need to be redone, task not clearly defined and understood by Alex and Johnson 
vi. nme allocation for work on the Ithink Modelling 
vii. Interim report and presentation 
members dominate the debates/arguments with the other members withdrawing in an 
effort to avoid conflict. 
v. High levels of conflict exist within this group as members argue even though they may 
agree on the same point 
vi. Discussions were characterised by intenuptions, repeating similar points and talking 
over each other 
vii.Team 2 is settling into a routine and learning to work together, identifying individual 
members' strengths and weaknesses and discovering how to cope with these. 
Assignment or Team Roles and Tasks 
i. Allocation of individual roles and assignments with agreed deadlines. Individual tasks 
are assigned, the progress monitored and quality detennined by the team as a unit. 
Team Interaction and Teamworking: 
i. Development of team nonns: ways of working together and working on the assigned 
task; team working within the group is improving 
ii. Team atmosphere appears to be informal, where some members feel relatively free to 
express their views and opinions 
iii. Member participation has improved compared to the degree of team member 
participation at the last meeting 
5-viii 
DATE 
07/ll/02 
20/11/02 
Team System Engineering and the Role of Enterprise Modelling Technologies 
TEAM 2- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
TASK PROGRESSION 
Product Selection 
Meeting Schedu1e 
TEAM INTERACfiON 
iv. Team identity is Stating to emerge 
v. Team participation and contributions have improved 
i. Discussing project times over the next couple of weeks vi. Team meetings are characterised by more listening and less talking 
ii. Identifying team's weekly goals vii. The team is still characterised by conflict, however, conflict has been reduced 
iii. Future Usts: review results of Belbin's tests; completion deadlines for CIMOSA diagrams, Causal Loops, interim report and The team allocates time to discuss teamworking issues and as such they are now better able 
interim presentation to identify and diagnose problems or behaviours that limit their team's growth 
Project Derinition and Requirements 
i. Reporting on and monitoring individual progress. Task have been allocated within this team with Alex and Gustav 
considering process improvements; Alex, Helen, Gustav and Johnson working on CIMOSA diagrams; Alex and Johnson 
working on Causal Loops, Pinyo was assigned to Ithink modelling; and Helen and Gusta.v will work on the interim report 
and presentation 
ii. Reviewing and monitoring project progress 
iii. Meeting main topics: Causal Loops 
iv. Causal Loops: two loops have been completed and presented to the group for their review 
v, Pinyo has started work on the lthink Modelling 
vi. Interim report completed and sent to the team for their review 
Product Selection 
Meeting Schedule 
i. Discussing project times over the next couple of weeks 
ii. Identifying team's weekly goals 
iii. Review of project status, project progress 
iv. Future Lists: interim report; main report; future work allocation, corrections to the CIMOSA Diagrams and Causal loops 
Assignment or Team Roles and Tasks 
i. Team roles and work have been allocated within this team. members of the team are 
assigned individual work, with agreed deadlines being given, the progress of which they 
must report during each meeting 
Team Interaction and Teamworking: 
i. Development of team nonns and operating procedures: ways of working together and 
working on assigned task 
ii. Align team's progress and work done with team schedule and deadlines 
iii. Member participation has improved. Each member has been assigned an area of 
responsibility and as such has to discuss his or her progress and any problems 
encountered at each meeting. Task assignment facilitates participation and contribution, 
The introduction of individual assignments has changed the way the team operates: 
more structured; even participation; more enthusiasm about task; team pride 
iv. Team meetings are characterised by more listening and less talking; each member 
listens attentively to the contributions of the other members and then comments on it 
v. Discussion of group dynamics and group processes in an effort to identify areas where 
there is room for improvement 
vi. Some of the conservative members are still not participating in team discussions 
vii. Team 2 has settled into a routine and learning to work together, identifying individual 
members' strengths and weaknesses and discovering how to cope with these. 
viii. Decision-making 
processes enable the views of all team members to be expressed. However, the more 
aggressive members typically have the last say. 
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TEAM 2- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACfiON 
04112102 Project Definition and Requirements Assignment or Team Roles and Tasks 
i. Reporting on and monitoring individual progress, Task have been allocated within this team with Alex and Gustav i. Team roles and work have been allocated within this team. members of the team are 
considering process improvements; Alex, Helen, Gustav and Johnson working on CIMOSA diagrams: Alex and Johnson assigned individual work, with agreed deadlines being given, the progress of which they 
working on Causal Loops, Pinyo, Alex and Johnson were assigned to Ithink. modelling; and Helen and Gustav will work must report during each meeting 
on the interim report and presentation ii. Individual work assignment within the group is good because it increases individual 
ii. Reviewing and monitoring project progress participation. However, an important part of team working is discussing the individual 
iii. Meeting main topics: Causal Loops, !think Models outputs with a view to discuss, debate, comment and improve on each individual's 
iv. Causal Loops: two loops have been completed, the sub-group is working on the 'as is' and 'to be' causal loops output and the activity converts the individual output into the team's output. This was 
V. Pinyo has developed the first Ithink Model not being done within this team 
vi. Developing the team's main report Team Interaction and Teamworking: 
Product Selection i. During this meetirig team members tried to resolve some miss-understanding with task 
Meeting Schedule allocation, task completion and individual work assignment 
i. Discussing project times over the next couple of weeks ii. Some of the main point points of concern included: 
ii. Identifying team's weekJy goals • Lack of consultation with the group before discussing individual outputs with 
iii. Discussing teamworking situation people outside the team 
iv. Review of project status, project progress . Quality of individual output 
v, Future Usts: main report; future work allocation, corrections to the CIMOSA Diagrams and Causal Loops • Lack of common understanding of what needs to be done and how 
. The process by which decisions are made 
iii. Within this group there are noticeable factors that limit the team's development: 
. Poor listening 
. Challenging leadership. authority and position 
• A high level of reacting and defending 
• Withdrawal by some team members 
• A lack of collaboration 
iv. Disagreements within the team: 
• A common understanding of what needs to be done; acceptable operating and 
decision making procedures 
• Understanding the role of leadership 
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TEAM 2- RESULTS FROM BTRSPI 
NO TEAM OBSERVED TEAM MEMBER BEHA V JOUR HYPOTHESIS INDIVIDUAL RESULTS (Belbin's Self-Perception Tests) 
MEMBER 
I Gustav Directs, controls and monitors team progress with respect to the task 1. Shaper The first two results are similar to those obtained from Belbin's test. 
Develops team action plan for task accomplishment 2. Resource However, the 'chairman's' role was not dominant in Gustav's test 
Communicative, friendly and enthusiastic Investigator results. I believe that Gustav is developing into the role of 'chairman' 
Gustav is the team leader. As the leader of team 2, he has been able to identify tbe individual strengths and 3. Chairman and over time will demonstrate some of the characteristic properties of 
weakness of the members within his team and finds ways to compensate for them this role, Also, between Helen and Gustav it is often difficult to 
He encourages full member participation within the team identify the 'chairman' within the team. 
He is an extrovert and seeks to explore ideas and developments outside of the team 
Sets team objectives and priorities, seeks to influence team discussions and outcome of team activities 
2 Helen Confident and strong personality 1. Shaper Similar to the results from Belbin's test 
Definitely one of the dominant members of the team if not the most dominant 2. Completer/Finisher In the initial results generated Helen had a high value in the 
Keeps the team focused on the task, monitors team progress according to Gantt Chart and Schedule 'chairman's' role, However, the results of the second test indicate that 
Compile team reports and organises team documentation these values have greatly decreased 
Meticulous, competent and reliable 
Sets team objectives and priorities, seeks to influence team discussions and outcome of team activities 
3 Alex Communicative and friendly 1. Shaper Similar to the results from Belbin's test 
Seeks to influence team discussions and outcome of team activities 2. Company Worker 
Freely expresses opinions and views and talkative 
Carries out agreed plans 
Alex carries out activities according to agreed team plans, however, he must have his say firsL 
4 Pinyo Cooperative, hardworking and conscientious. individualistic, disciplined, complies with team decisions, carries out 1. Team worker (1W) Similar to the results of Bclbin's tests. 
agreed plans systematically and efficiently, avoid conflict, averts friction, mild and reliable 2. Implementer ., Pinyo and Johnson are the milder and more conservative members of the 
Company Worker group. 
(CW) The main difference between Pinyo's role and Johnson's role within the 
3. Pbnt team is that Pinyo offers alternative views to some of the problems and 
s John son Cooperative, hardworking and conscientious, disciplined, complies with team decisions, carries out agreed plans 1. Team worker (1W) challenges faced by the team. He attempts to identify different approaches 
systematically and efficiently, avoid conflict, avens friction, mild and reliable 2. Implementer ., to the issue. 
Company Worker 
(CW) 
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TEAM 3- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACTION 
21/10/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Analysing the problem. the team is trying to identify the project description ;, Identification of team members and team members skills and work experience 
ii. Individuals within the team have been assigned sub-tasks: Stephen is in charge of the Manufacturing ii. Identification of team leaders and team scribe 
department; Linda is responsible for the IT structure within the company; Risa is head of the marketing iii. Initial allocation of roles and work within the team 
department and Robert is deciding on company strategy iv. Task and task objectives and goals are unclear 
iii. Developing a Gantt Chart of the team's schedule v. Team attempts to identify the task and detennine ways of using the team to accomplish it 
Product Selection Team Interaction and Teamworking: 
i. Product options were discussed by the team with respect to product family, manufacturing processes, ;, Individuals are getting to know each other 
personal knowledge within the team ii. Team is still in the early stages of development 
Meeting Schedule iii. Team is attempting to clarify overall goa1s and objectives 
I. Evaluating meeting 
ii. Identifying meeting schedule and format 
iii. Future Lists: defining goals, developing Gantt Olart 
23/10102 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Discussing project progress according to Gantt Chart developed i. Initial allocation of roles and work within the team 
ii. Starting understanding and generating ofCIMOSA Diagrams ii. Task and task objectives and goals are unclear 
iii. The team appears to be progressing quicldy, however, they are not paying a lot of attention to details iii. Team attempts to identify the task and detennine ways of using the team to accomplish it 
Product Selection Team Interaction and Teamworking: 
;, Developing company goals, namely: i. Individuals are getting to know each other and settling into the team 
• The product market share ii. Members appear to be testing relationships and learning team member's behaviours 
• Target customers Hi. Team members are still polite as the say only acceptable things to avoid controversy and try to develop a 
• Rate of return on investment shared understanding of what needs to be done 
• Company strategy: quality iv. One of the team members was absent 
ii. Department of focus for further modelling: marketing v. Initial planning has been perfonned as the team tries to identify the task and task objectives and goals 
Meeting Schedule vi. This is the smallest group with only four members. As such the absence of any member will slow down 
i. Deciding on presentation content the development of the and possibly affect the quality of the team's output 
ii. Future lists: company description vii. Because of the small size of the team during this meeting participation was evenly distributed 
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TEAM 3· RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACfiON 
28110102 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Analysing the problem, identifying team pUTpose and generating action plan i. Re-allocation of roles and work within the team 
ii. Individuals within the team have been re-assigned sub-tasks: Stephen is in charge of the Manufacturing ii. Task and task objectives and goals are unclear 
department; Unda is responsible for Engineering Design; Risa for the Supplien and Robert for Marketing iii. Team attempts to identify the task and determine ways of using the team to accomplish it 
iii. Developing a Gantt Chart of the team's schedule Team Interaction and Teamworking: 
iv. Monitor the progress of individual assignments i. Linda has re-joined the team, with the presence of Unda the group of three is transformed into a team. 
Product Selection Uncia is however, isolated at time from the team unit perhaps due to her absence during the forming 
i. Product options were discussed by the team with respect to product family, manufacturing processes, stage. Clique formation 
personal knowledge within the team ii. Members start to assert their views, discussing serious topics 
Meeting Schedule iii. Participation within this team is evenly distributed with each member contributing to the team's work 
i. Evaluating meeting iv. Members are stressed by the demands of the task and the other activities that they must perform 
ii. Action Usts: CIMOSA Diagrams 
Hi. Future Usts: Group interim report and presentation, research on ball bearing market and understanding 
causal loops 
04111/02 Project Definition and Requirements 
i, Individuals withln the team have been re-assigned sub-tasks: Stephen is in charge of the Manufacturing 
department; Unda is responsible for Engineering Design; Risa for the Suppliers and Robert for Marketing 
ii. Monitoring Gantt Chart of the team's schedule 
iii. Monitoring the progress of individual assignments 
Product Selection 
Meeting Schedule 
i. Action Usts: CIMOSA Diagrams, Interim presentation 
ii. Future Lists: Group interim report and presentation, research on ball bearing market and understanding 
causal loops 
06/11102 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Monitoring Gann Chart of the team's schedule i. Initial allocation of roles and work within the team 
ii. Monitoring the progress of individual assignments ii. Team attempts to identify the task and determine ways of using the team to accomplish it 
Product Selection iii. Role clashing between Robert and Linda 
i. This team's product is ball bearings 
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TEAM 3- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACTION 
06111/02 Meeting Schedule Team Interaction and Teamworking: 
i. Action lists: CIMOSA Diagrams i. Members start to assert themselves and express their views 
ii. Review feedback on CIMOSA Diagrams ii. Because the task is distributed among the team, each member has the opportunity to present his or her work. This 
iiL Future lists: causal loops encourages even member participation across the team 
During this meeting team members presented the CIMOSA diagrams for their individual departments. iii. Clique formation between some of the members of the team with other members feeling isolated and detached 
However, no time was allocated after the presentation of each set of diagrams for review and comment from the team 
by the team. No time was allocated for feedback which negates the benefits of teamworking. Group iv. Conflicts arise within the team primarily because of an misunderstanding or a lack of a shared understanding of 
collaboration is essential what was to be done 
v. Team members are talking over each other,lots of talking 
11111/02 Project Definition and Requirements 
i. Monitoring Gantt Chart of the team's schedule 
ii. Monitoring the progress of individual assignments 
Product Selection 
i. This team's product is ball bearings 
Meeting Schedule 
i. Revisions to CIMOSA Diagrams; Format and content of interim report 
ii. Action lists: Interim Report and Causal loops ('As Is' and 'To Be') 
iii. Future lists: causal loops, interim presentation 
20/11/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Monitoring GanttChart of the team's schedule i. Initial allocation of roles and work within the team 
ii. Monitoring the progress of individual assignments ii. Team attempts to identify the task and determine ways of using the team to accomplish it 
Product Selection Team Interaction and Teamworking: 
i. This team's product is ball bearings i. Team member participations during this meeting were moderate. However, there were a few instances when 
Meeting Schedule Stephen was quiet. The team needs to be weary of the fact that most discussions only involve Risa, Robert and 
;. Generating Causal Loops Linda. Team members do not appear to freely ex. press their opinions 
ii. Developing !think Model ii. Continued task allocation whether to individual members or to pairs of members encourages participation 
iii. Fonnat and content of interim report iii. Members are talking over and intenupting each other while trying to express there opinions 
iv. Action lists: lthink Model and Causal Loops ('As Is' and 'To Be') iv. Atmosphere less tense than at last meeting role conflicts observed at the last meeting are no longer obvious as 
v. Future lists: causal loops, interim presentation, ithink model, presentation evaluation issues of contention appear to be suppressed rather than resolved 
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TEAM 3- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACTION 
25/Il/02 Project Definition and Requirements 
i. Monitoring Gantt Chart of the team's schedule 
ii. Monitoring the progress of individual assignments 
Product Selection 
i. This team's product is ball bearings 
Meeting Schedule 
i. Reviewing Causal Loops, 'as is' model 
ii. Re-evaluating team's presentation perfonnance 
iii. Action lists: Ithink Model 
iv. Future lists: final presentation, ithink model, causal loops 'to be' model 
021I2102 Project Definition and Requirements 
i. Monitoring Gantt Chart of the team's schedule 
ii. Monitoring the progress of individual assignments 
Product Selection 
i. This team's product is ball bearings 
Meeting Schedule 
i, Action lists: Ithink Model 
ii. Rlture lists: final presentation. ithink model, causal loops 'to be' model 
04/12/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Monitoring GanttChart of the team's schedule i. Allocation of outstanding work and responsibilities within the team 
ii. Monitoring the progress of individual assignments Team Interaction and Teamworking: 
Product Selection i. Team member participations and contributions during this meeting were moderate. 
i, This team's product is ball bearings ii. Team is focused on getting the job done 
Meeting Schedule iii. Throughout the project execution this team rarely focused on the tearnworking aspects of their development 
i. Causal loop, 'to be' model iv. Continued task allocation whether to individual members or to pairs of members encourages participation 
ii. Deciding which part of Causal loop to convert into I think Model v. Members are talking over and interrupting each other while trying to express there opinions 
iii. Action lists: Ithink Model vi. Atmosphere less tense than at last meeting role conflicts observed at the last meeting are no longer obvious as 
iv. Future lists: final presentation and report, ithink model issues of contention appear to be suppressed rather than resolved 
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TEAM 3- RESULTS OF BTRSPI 
NO TEAM OBSERVED TEAM MEMBER BEHAVIOUR HYPOTI!ESIS INDIVIDUAL RESULTS (Belbin's Self-Perception Tests) 
MEMBER 
I Robert Plans and schedules team activities I. Shaper (SH) Similar to results from Belbin's Test 
Keeps the team focused on the task and the known time line for task completion 2. Company Worker (CW) 
Works well under the pressure 
Monitors team progress and team behaviour 
2 Linda Assertive, I. Shaper(S) Simillll' to the results of Belbin's tests. 
Realist in the group, keeps the group grounded 2. Company Worker/ Plant Linda has the highest scores for the Plant role within the team. It 
As team scribe monitors team work (CW/PL) appears that of the group Unda and Stephen are the most 
Evaluates the practicality of the task based on time and additional work load constraints individualistiC and serious-minded with respect to the task at hand 
Serious minded 
3 Risa The team leader and the rest of the team relies heavily on her to clarify issues and problems I. Resource Investigator (RI) Similar to the results of Belbin's tests. 
Offers alternative to group problems and concerns 2. C~X~rdinator (CH) 
Friendly and communicative 
Strong personality, confident 
Openly discusses issues, expresses her opinion on most all issues 
Important member of the team during decision making and delegation times, often voices 
opinion first 
4 Step hen Cooperative I. Team worker (TW) Similar to the results ofBelbin's tests. 
Individualistic 2. Implementer o• Company 
Hardworldng and conscientious, Disciplined Worker(CW) 
Complies with team decisions 3. Plant (PL) 
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TEAM 4- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACTION 
16/10/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Determining the process that will be studied for this project and the different aspects of this process i. Identification of team members and team members skills and work experience 
ii. The team is attempting to identify the team's goa1s and purpose ii. Identification of team leaders and team scribe 
Product Selection iii. Initial allocation of roles and work within the team 
i. Product options were discussed by the team with respect to product family, manufacturing processes, personal iv. Task and task objectives and goals are unclear 
knowledge within the team v. Team attempts to identify the task and detennine ways of using the team to accomplish it 
ii. Identifying the crankshaft as the main product Team Interaction and Teamworking: 
iii. Identifying the production process for the cmnkshaft and discussing the current production process and possible areas i. Individuals are getting to know each other 
within the process for improvement ii. Team is still in the early stages of development 
Meeting Schedule iii. Team is attempting to clarify overall goals and objectives 
i. Evaluating meeting iv. Team is developing team ground rules which discuss punctuality, member participation, work 
ii. Identifying and documenting meeting schedule and fonnat distribution, decision-making and the use of phones during meetings 
iii. Future Usts: defining goals, developing Gantt Chart 
18110/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Detennining the process that will be studied for this project and the different aspects of this process i. Initial allocation of roles and work within the team 
ii. The team is attempting to identify the team's goals and purpose ii. Task and task objectives and goals are unclear 
Product Selection iii. Team attempts to identify the task and determine ways of using the team to accomplish it 
i. Identifying the production process for the cmnkshaft and discussing the current production process and possible areas Team Interaction and Teamworking: 
within the process for improvement i. Individuals are getting to know each other 
ii. Developing a layout of the production line using a flowchart, this flowchart should identify the number of activities or ii. Team is still in the early stages of development 
sub-processes perfonned iii. Team is attempting to clarify overall goals and objectives 
Meeting Schedule iv. Team is confused by the task 
i. Evaluating meeting 
11. Future Lists: defining goals, developing Gantt Olart 
PRIOR The team had two meeting prior to the induction of a new member, Robert Uhawa. During these two meeting the following 
TO occurred: Identification of team roles using Belbin's Test, Identifying team leader and team scribe 
25/10/02 i. Determining Meeting Schedule 
ii. Identification of team ground rules 
iii. Execution of Team Initiation Activity !(Identify team leader, scribe and other team members and schedule team 
activities) and Team Initiation Activity 2 (feam Goals, Team Ground rules, View of Process Under Review) 
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TEAM 4- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEA>< INTERACTION 
25/10/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Detennining the process that will be studied for this project and the different aspects of this process i. Initial allocation of roles and work within the team. Team members have each been assigned 
ii. The team is attempting to identify the team's goals and purpose a department within the company 
iii. The task has been divided into sub-tasks where work has been individually assigned to team members such as: Per was ii. Task and task objectives and goals are unclear 
assigned to the Manufacturing Department; Charley is responsible for the Design Department; Seiam for the Finance iii. Team attempts to identify the task and determine ways of using the team to accomplish it 
Department; Robert for Logistics and Katarina for Marketing Team Interaction and Teamworking: 
iv. Problems with Work Assignments: quantity of work individually allocated; verification of work done individually; i. Individuals are getting to know each other 
development of workable solutions: and verification of work output standards ii. Members are getting oriented and settling into the team 
Product Selection iii. Team is still in the early stages of development 
i. Identifying the production process for the crankshaft and discussing the cunent production process and possible areas iv. Introduction of a new team member, this is the first official tea meeting with the new member 
within the process for improvement v. Member participation was evenly distributed 
Meeting Schedule vi. Team discussions do not seem focused and the team is easily distracted from the topics of 
i. Evaluating meeting discussion 
ii. Action Lists: CIMOSA Diagrams for each department vii. Based on the relationship between the original team members the team was in stage 2, prior to 
iii. Developing Gantt Otart of Team Schedule, Team Action Plan the induction of the new member. However, with the introduction of the new member the 
lv. Future Lists: defining goals, developing Gantt Chart team regressed to stage 1. 
30/10/02 Project Definition and Requirements Assignment or Team Roles and Tasks 
i. Determining the process that will be studied for this project and the different aspects of this process i. Individual allocation of roles and work within the team. 
ii. The team is attempting to identify the team's goals and purpose ii. Team attempts to identify the task and detennine ways of using the team to accomplish it 
Product Selection Team Interaction and Teamworking: 
i. Identifying the production process for the crankshaft and discussing the cunent production process and possible areas i. Attempts to develop group norms such as decision making procedures 
within the process for improvement ii. Member participation was unevenly distributed during this meeting. Seating arrangement 
ii. Deciding on the main process to model; manufacturing during team meetings affect member participation 
Meeting Schedule iii. Team discussions do not seem focused and the team is easily distracted from the topics of 
i. Evaluating meeting discussion 
ii. Action Lists: CIMOSA Diagrams for each department iv. Discussions are characterised by interruptions, repeating similar points and talking over each 
liL Future Lists; Interim report and presentation other 
V. Team is developing a wider understanding of task and task goals and objectives 
vi. Development of team operating procedures and methods of working 
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TEAM 4- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASK PROGRESSION TEAM INTERACTION 
06/11/02 Project Definition and Requirements Assignment or Team Roles and Tasks 
i. Detennining the process that will be studied for this project and the different aspects of this process i. Individua1 a11ocation of roles and work within the team. 
ii. The team is attempting to identify the team's goa1s and purpose ii. Team attempts to identify the task and determine ways of using the team to accomplish it 
Product Selection Team Interaction and Teamworking: 
i. Identifying the production process for the crankshaft and discussing the current production process and possible areas i. Attempts to develop group nonns such as using Planning Grids to illustrate allocation of task 
within the process for improvement within the team a1ong with tentative completion dates 
Meeting Schedule ii. Member participation and contributions were evenly distributed during this meeting. 
i. Evaluating meeting iii. Team members are settling into a routine and starting to identify and deal with each others 
ii. Action Usts: CIMOSA Diagrams for each department; Interim Report strengths and weaknesses 
iii. Future Usts: Interim report and presentation iv. Team discussions do not seem focused and the team is easily distracted from the topics of 
discussion 
V. Discussions are characterised by interruptions, repeating similar points and talking over each 
other 
vi. Members do not free express their views and opinions 
30/10/02 Project Definition and Requirements 
i. Determining the process that will be studied for this project and the different aspects of this process 
ii. The team is attempting to identify the team's goals and purpose 
Product Selection 
i. Identifying the production process for the crankshaft and discussing the current production process and possible areas 
within the process for improvement 
Meeting Schedule 
i. Evaluating meeting 
ii. Review feedback on CIMOSA Diagrams 
iii. Distribution of work within the team 
iv. Analysis of team development and identification of team growth 
V, Completion of Interim Report 
vi. Action Usts: CIMOSA Diagrams for each department; Interim Report 
vii.Future Usts: Interim report and presentation 
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TEAM 4- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASKPROGRESSION TEAM INTERACTION 
21111102 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Determining the process that will be studied for this project and the different aspects of this process i. Individual allocation of roles and work within the team. 
ii. The team is attempting to identify the team's goals and purpose ii. Team attempts to identify the task and determine ways of using the team to accomplish it 
Product Selettion iii. Using sub-groups to accomplish more complicated tasks such as the development of 'I think" 
i. Identifying the production process for the crankshaft and discussing the current production process and possible areas models 
within the process for improvement Team Interaction and Teamworking: 
Meeting Schedule i. Attempts to develop group norms such as using Planning Grids to illustrate allocation of task 
i. Evaluating meeting within the team along with tentative completion dates 
ii. Developing Causal Loops ii. Member participation and contributions were evenly distributed during this meeting. 
iii. Discussing the progress of the Interim Report and Presentation iii. Team members are settling into a routine and starting to identify and deal with each others 
iv. Reviewing results ofBelbin's Tests and Leadership profile Analysis strengths and weaknesses 
v. Action Lists: Causal Loops iv. Team members make a conscientious effort to all each member to express his or her views 
vi. Future Lists: Ithink Model, Final Report and Presentation freely without any interruptions 
v. Meeting is characterised by more listening and less talking 
vi. Members have settled into their roles and team identity is starting to emerge 
vii. Team meetings are becoming more structured 
This team shows some of the behavioural characteristics of stage 3, namely: 
i. Reviewing its operating procedures and methodologies 
ii. Reduction of conflicts as members start settling into their roles within the team 
iii. Members start to speak their minds freely. however some members are still apprehensive 
iv. Members are listening more and talldng less 
v. Team decides how it is going to work and assign individual tasks using a Planning Grid 
However, the team still exhibits some of the dominant features of stage 2: 
i. Relationships between certain team members are noticeable 
ii. Certain alliances are formed and some team members are liked while other are considered by 
the team to be quite irritating 
iii. Cliques are existent within this team. particularly between the team members that seem to 
have the most in common. This is damaging to the team's development 
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TEAM 4- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASKPROGRESSION TEAM INTERACTION 
02/12/02 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Determining the process that will be studied for this project and the different aspects of this process i. Individual allocation of roles and work within the team. 
ii. The team is attempting to identify the team's goals and purpose ii. Using sub-groups to accomplish more complicated tasks such as the development of 'Ithink' 
Product Selection models 
i. Identifying the production process for the crankshaft and discussing the current production process and possible areas Team Interaction and Teamworking: 
within the process for improvement i. Member participation and contributions were evenly distributed during this meeting. 
Meeting Schedule ii. Team members are settling into a routine and starting to identify and deal with each others 
i. Evaluating meeting and work distribution strengths and weaknesses, However, some team members rather work alone than work in 
ii. Developing Causa] Loops teams 
iii. Developing 'Ithink' Models iii. Cliques fonned within this team. levels of trust low 
iv. Reviewing results of Interim Presentation and Report iv. Team members make a conscientious effort to all each member to express his or her views 
v. Action Lists: Ithink Model freely without any interruptions 
vi. Future Lists: Final Report and Presentation v. Meeting is characterised by more listening and less talking perhaps because of the absence of 
some team member 
Team 4 is still in stage. factors limiting the teams development, include: 
i. Lack of punctua1ity at team meetings 
ii. There appears to be an undercurrent or rather 'unspoken' conflicts within the team, 
relationships between team members suffer as a result of this 
iii. Members are still trying to be polite and not freely expressing their opinions 
iv. Individual task a11ocation within the team is good, however, at some point the team as a unit 
should discuss and if necessary debate the individual output, this ensures a higher quality of 
team output 
v. Team member attendance at meetings was not always good. One member in particular did not 
attend two meeting and offered no plausible excuse fur his absence 
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TEAM 4- RESULTS AND OBSERVATIONS FROM TEAM MEETINGS 
DATE TASKPROGRESSION TEAM INfERACTION 
02/11102 Project Definition and Requirements Assignment of Team Roles and Tasks 
i. Determining the process that will be studied for this project and the different aspects of this process i. Individual allocation of roles and work within the team. 
ii. The team is attempting to identify the team's goals and purpose ii. Using sub-groups to accomplish more complicated tasks such as the development of 'Ithink' 
Product Selection models 
i. Identifying the production process for the crankshaft and discussing the current production process and possible areas Team Interaction and Teamworking: 
within the process for improvement i. Member participation and contributions were evenly distributed during this meeting. 
Meeting Schedule ii. Team members are settling into a routine and starting to identify and deal with each others 
i. Evaluating meeting and work distribution strengths and weaknesses. However, some team members rather work alone than work in 
ii. Developing 'Ithink' Models teams 
iii. Action Lists: lthink Model iii. Low levels of trust within this team as members rather work alone than within the team 
iv. Future Lists: Final Report and Presentation iv. There is no challenging of ideas or strong expressing of views within this team. conflicts 
suppressed 
v. Low team identity 
Team 4 is still in stage, factors limiting the teams development, include: 
i. Lack of freedom of some team members to express their views 
ii. The role of leadership within the team 
iii. Discussing team working and team processes 
iv. This team and its members avoid conflict and discussion with controversy. This team instead 
forms cliques and discuss problems within these cliques rather than in the team 
v. There appears to be an undercurrent or rather 'unspoken' conflicts within the team. 
relationships between team members suffer as a result of this 
vi. Members are still trying to be polite and not freely expressing their opinions 
vii.Individual task allocation within the team is good, however, at some point the team as a unit 
should discuss and if necessary debate the individual output, this ensures a higher quality of 
team output 
viii. Team member attendance at 
meetings was not always good. One member in particular did not attend two meeting and 
offered no plausible excuse for his absence 
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TEAM 4· RESULTS OF BTRSPI 
NO 1EAM OBSERVED TEAM MEMBER BEHAVIOUR HYPOTIIESIS INDIVIDUAL RESULTS (Belbin's SelfMPerception Tests) 
MEMBER 
I Per Monitors team progress and keeps the team on track I. Per has developed The results of Belbin's test indicated that Per's roles were 
Encourages team member participation from a 'Company 'Company Worker' and 'Shaper'. 
Clarifies team goals and objectives, develops a shared understanding of team's purpose Worker' into a I agree with this, I do however, believe that his role as a 
Directs and controls team's progress towards goals 'Chairman' (Co- company worker has diminished and he is now acting as a 
The team leader's initial role in the team was that of an 'implementer', working as any of the other team ordinator). 'Chainnan' 
members. As time progresses and the team's task and procedure became more define the team leader's role 2. Shaper 
changed into the 'chairman's' role. This was observed by an improvement in the way that he conducted team 
meeting, directed team activities, planned team work and controlled team efforts. 
2 Katarina Typically quiet I. Company Worker Similar to results from Belbin's Test 
Listens, thinks, plans and then speaks 2. Team Worker 
Katarina and Per wOrk well together ad team leader and scribe; developing team plan and implementing them. 3. Resource Investigator 
Turns practical ideas into action 
Executes plans, structures team activities, co-operative, mild , diplomatic 
3 Charley Thinks of team's problem and tries to identify solutions I. Monitor Evaluator Similar to results from Belbin' s Test. 
Offers possible options to group challenges 2. Team Worker The results also stated the Charley could act as a 'Shaper'. This 
Co-operative, mild, diplomatic has not been exhibited 
Averts friction 
Sober, discerning, sees all options, listens and judges accurately 
4 Robert Monitors team progress: task progression versus time constraints I. 'Company Worker' The results from the Belbin's test indicate the Robert is best in 
Disciplined, reliable, conservative and efficient 2. 'Team Worker' the roles of 'plant' and 'resource investigator'. I, however, have 
Carry out agreed plans systematically (Implementer) not seen these roles exhibited during team meetings. 
Co-operative, mild, and diplomatic 
5 Seiam Communicates freely and expresses his views openly I. Company Worker The results of the Belbin's test indicate that Seiam is best in the 
Communicative and develops contacts 2. Shaper role of 'chairman'. I have not seen these qualities exhibited 
Explores and reports ideas back to the group on developments and ideas and resources outside of the group. 3. Resource Investigator lately. 
In the early stages like all the other team members he was trying to identify his role in the team and as such 
initially he exhibited 'chainnan' characteristics. However, as time progressed he has identified and settled into 
his roles as both 'company worker' and 'shaper' 
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APPENDIX 6· '!THINK' SIMULATION MODELS OF TEAM SYSTEMS 
• Teamworking Development and Evaluation Ithink Model 
• Team Role Allocation and Team Role Performance Ithink Model 
6-i 
'""""'r:=il I.J::::I ~ TEAM COMPETENCE DIFFERENTIAL SECTOR 6 a 
Number of 
Elements 
Goal Clarity Goal Clarity 
Competence 
Benchmark 
Goal Clarity 
Competence 
Goal Clarity 
Actual Score 
Action Plan 
Action Plan Development 
Competence 
Stage of Action Plan Development 
Competence 
Differential 
Action Plan Development Roles and 
Roles and 
Responsibilities 
Competence Ideal Scare 
Roles and Responsibilities 
Competence Benchmark 
Communication 
Competence 
Ideal Score 
Stage o 
Number of Elements 
Number of 
Elements 
Benchmark 
Role and Responsibillties 
Competence Differential 
Differential 
Benchmark 
Communication 
Competence 
Actual Score 
Tea m Dynamics 
Competence 
Differential 
Team 
Dynamics 
Actual Score 
Team Dynamics 
Competence 
Ideal Score 
~~-----
Number of Elements 
Leadership 
Competence 
Ideal Score 
Team Dynamics leadership 
Competence 
Leadership Total Actual Score 
Leadership 
Competence 
Differential 
C@ IT] TEAM TRAINING REQUIREME ... 6 a 
Goal Clarity 
Goal Clarity 
Competence 
Differential 
Action Plan Development 
Competence 
Benchmark 
Development 
Factor 
Goal Clarity 
Training 
Requirements 
Development 
Training 
~ 
Team Training 
Requirements 
Graph 
Action Plan Development 
Roles and Responsibilities Competence I mm I 
Competen enchmark Differential 
Role and Responsibility Table 
Training Factor 
Roles and Responsibility 
Training Requirements 
Role and Responsibilitie 
Competence Differential Team Dynamics 
Competence 
Benchmark 
earn Dynamics 
Team Dynamics 
Training 
Requirements 
Training 
Factor 
Team Dynamics 
Competence 
Differential 
CommunicatiOn 
Training 
Requirements 
Training 
Factor 
Communication 
Competence 
Differential 
ommunication 
Competence 
Benchmark 
Leadership 
Training 
Leadership 
Competence 
Benchmark 
Leadership 
Competence 
Differential 
C@ IT] TEAM COMPETENCE PERF ... 6 a 
Goal Clan 
Development 
Actual Scar 
Communication 
Performance 
Goal Clarity 
Competence 
Performance 
Development 
Performance 
Action Plan Development 
Competence 
Benchmark 
Team 
Competence 
Performance 
Roles and 
Responsibilities 
Actual Score 
Leadership 
Competence 
Team Competence Leadership 
Performance Graph Competence 
Benchmark 
TEAM ROLE ALLOCATION 68 
~5 
Role Rating 
Member 5 
Member2 
Results 
• 
0--:23 
Member 3 Role Rating 
Results 
Member4 
Results 
CWActual 
Team Role 
Behaviours 
SH Actual 
Team Role 
Behaviour~ 
Member4 
Role Rating 
Results 
Member2 
~ 
Team Members 
Role Ratings 
Member 1 Member 1 
Results Role Rating 
TEAM ROLE BEHAVIOUR DIFFERENTIALS 
CW Behaviour 
Team Role 
Behaviour 
SH Ideal 
Team Role 
Behaviour 
Team Role 
Behaviours 
• 
PL Actual 
Team Role 
Behaviours 
CH Ideal 
Team Role 
CH Behaviour Behaviour 
Differential 
PL Ideal 
Team Role 
PL Behaviour Behaviour 
Differential 
SH Behaviour 
Differential ME Actual 
Team Role ME Ideal 
Behaviours Team Rol RI Ideal ME Behaviour 
Team Role Differential Behaviour 
Team Role 
Behaviour 
Behaviours RI Behaviour 
Differential 
CF Ideal 
• 
Team Role Team Role 
Behaviours Behaviour 
TW Actual Differential TW Ideal Team Role CF Behaviour Team Role Behaviours Differential Behaviour 
CW Behaviour 
Differential 
TEAM ROLE SUITABILITY 
CWTeam Role 
Performance 
CH Team Role 
68 
Criteria 
CW Suitability Factor 
CW Team Role 
CW Assessment 
Criteria 
Differential 
PL Assessment 
Criteria 
Criteri 
Differential 
CF Assessment 
Criteria 
Suitability 
PL Team Role 
Performance 
', _ __,.,. Tea m Role 
Suitability 
CH Behaviour 
Differential 
SH Suitability 
Factor 
SHTeam Role 
Suitability 
SH Assessment 
RI Behaviour 
Differential 
PL Suitability 
Factor 
ME Suitability 
Factor 
ME Role 
Suitability 
CFTeam Role 
Performance 
Criteria 
CFTeam Role 
Suitability 
CF Suitabilty 
Factor 
RI Team Role 
Suitability 
Factor 
RI Assessment 
Criteria 
Performance 
TW Behaviour 
TW Assessmr"'• Differential 
TW Suitability 
Criteria Factor 
Team Role Team Role 
Performance Suitability 
APPENDIX 71- TEAMWORKINO EVALUATION QUESTIONNAIRE 
RESARCH OB~ECTIVE: To describe the behaviour of the case study teams with respect to six units 
of competence: Clarity of Goals; Action Plan Development; Roles and Responsibilities; Clarity of 
Communication, Leadership and Team Dynamics, Team behaviour will be established from this 
questionnaire 
This activity can be undertaken by each team member individually or by the team as a unit. The scoring sheet below comprise five 
units of competence along with their characteristic elements which a successful team invariably displays. The team awards itself a 
mark from 0 - 4. This mark. will be used to describe the perceived performance of the team with respect to each unit of competence. 
A rating scale from 0 • 4, each of these five categories have been labelled and are defined below: 
Never Noticed• 0 
Seldon•1 
Sometimes= 2 
Often- 3 
Alwavs"' 4 
COMPETENCE < 
UNITS · 
.. 
~·OAL CLARrrv 
I 
i i ---;j 
CTION PLAN 
EVELOPMENT 
• 
T TEAM COMPETENCE RATING 
' 
' . I 4 !TOTAL 0 1 2 3 
The Team: . 
Discusses its mission !the' sooclllc task that the team. has tlflen asslonedl . •. 0 
-
Ensures an members have a sha~ed understandlnn of Its mission 0 
OecomMses its mlssK>n Into a"alnable statement about Its obJectives 
-
0 
Transforms Its ob!ectlves Into dellnlte noals ·,end result' of 'the team work~ .. 1,; 0 
Monilors nrnnrilss towardi ooal attalment . . . . 0 
Comoares team aoals with oria!nal mission 0 
Develons 'action lans with ·a cr98.r ma~ ot dau !We&kl~ i9.SkS for achi6.Yrn~ aoaiS 1: . 
-
0 
CheCks that dailv/weeklv iasks enable team ooals .. 0 
GOAL CLARITY TOTAL SCORE ' 0 
TheTeanl: 
.. 
.. 
' ----. 
' 
Identifies a clear s~uence of tasks In order to analn Its coals 0 
:cc 
Vlsuallv renresents Its action nt:>n us!nn nlanniiVI tools • 0 
e'stabllshes nriorltlea for ~rkino tow9.~s team ooals ' · 0 
Allocates human resources to tasks 0 
-
Alloc'ates nh'vsical resourCes to tasks 
-
· ... 
·o 
Allocates llna'ncial resources to tasks -' 
-
. 
- ·- 0 
Schedules tasks .· 0 
. -
TEAM PRIORITiSATt0N AN,D PlAimtNG TOTAL SCORE 0 
The Team: { . .. 
ClearlY defines each memb6r's functional role 
. I 0 
Preclselv des~ribes the rGsoonslbl!ltles of eaCh functional ·;oie ' ' ' .. 0 
Uriderstand! ~a-ch-mem~rs· funCtional role'and Its msrv.'nslbllitles • ... ... 
- 0-
., .. Identifies functional roles assioned to momlhan One member . . 0 
Clearlv defines each member's reSoonsibllities far Shared functional rol~s 
. --
'·. ,, 
,-,,, 
0 
ESPONSIBILITIES Distributes. iunctlonal role~ based on m~fflbers' skills and/or ex.,..f,lence· --c 0 
NO Distributes work evenlv amonn- members . ' 0 
ROLE ALLOCATION Encouraoes'menibers ~~ 'ev.~luates hlsihe~' Droomss towaldS team aoaJS ,< 0 
·_. 
, ----::- RESPONSIB.ILITIES .AND ROLES ASSIGNMENT TOTAL SCORE 0 
APPENDIX 71~ TEAMWORKINO EVALUATION QUESTIONNAIRE 
COMPETENCE I TEAM COMPETENCE RATING 
UNITS I o I 1 2 3 4 TOTAL 
. Tti8Team:, , ·. .. . . 
Has simple discussions that are easy to lol'ow 0 
Has clear and accurate discussion that are easv to understand 0 
Share Information !reel 0 
CLARITY OF Discusses their views openly 0 
OMMUNICATION Exchanoes are relaxed and informal 
. 
0 
; Has a positive atmosphere 0 
Avoids taking' over each o'ther . 0 
Wek:omes members to descrbe their leelinos about a situation 0 
Genuine listening .· 0 
Clear dl_alogue about communication .. 0 
· .. ··· ;; . CLARITY OF COMMUNICATION TOTAL SCORE 0 
The Team: . . . ·· . 
Enoaoes ir\ discussions about how-decisions are made 0 
Clarifies !he decisions to b& made . ... .· 
. 
0 
Collects facts a'nd lnformadon related to the orOblem 0 
EAM DYNAMICS, ldentlll~s all possible. options 0 
DECISION MAKING Allows all ideas to be aired no matter how radical . . 
. . 
• 
0 
Considers the value of aM OPtions based on rel~le and accurate data . 0 
ListS or rates options based on suHablllt}. for PUrpose 0 
Discuss the' beSt oosslble Ootlon . 
. I•' ' .. I" o · 
Summaris8s discussions to' ensure agreement .. 0 . 
. 
. TEAM DYNAMICS, DECISION MAKING TOTAL SCORE 0 
.. Within the.· Team Members: ..· , .. ·. .. . . . ·· . 
EAM DYNAMICS, Contrbute comments relevant to the task-al·hand . 1 
ARTICIPATK>N, Are allo~ed equal opportunity to participate 0 
I Afe encouraaed to discuss their views · ... ·. •1 
Are haped tO expressed themselves 0 
Has a cooo9ratlve climate .. 
' 
. 
1 
.. fEAM DYNAMiCs PARTICIPATiON TOTAL SCORE 3 
The Team: . 
Discusses acceotable Crouo ~havlour .... . ·· .. · . 0 
EAM DYNAMICS, Discusses unacceptable group behaviour . . 0 
EAM GROUND RULES Determines treatment oi d~vlant group beh8.viour .. ... 0 
I 
tdentllles curT~nt st8ai!i of develoomont . ··. .. · . ... .··'·· I• I ' o · 
Discusses group b&h8Viour.charactorlstic of stag& of developmont 0 
TEAM DYNAMICS, TEAM GROUND RULES TOTAL SCORE ·O 
The Teairi: ... •.' : ' · .. ' .... . . 
. 
Welcomes the existence of conflict . 0 
. 
Brinas conflict intO the ooen to be discussed as a team .. •• I 0 
I ~lstens carefu\ty to a~ sides b'i the contttcl ' ·.· . ... I·'··· . . •' 0 
EAM DYNAMICS, Alows all oarties to lreetv ex~fass their vieWs -
- 0 
ONFLICT RESOLUTION, ClarHies the nature of the conflict " . 
. I> 0 
Explores how d&ctsions .Mn be made '. · ... ... 0 
Decides who Wil make th& decision 
. 
0 
Has harmonious persomlt relatlorishlps '- .. I·· o 
Uses orobtarirsolvlna- tacb to resolve conttk:tS 1·.·· 0 
TEAM DYNAMICS, CONFLICT RESOLUTION TOTAL SCORE 0 
APPENDIX 7111- TEAMWORKING EVALUATION QUESTIONNAIRE 
Read through each of the leadership behavioural items below. Please give your candid opinion of the leader of this team by 
Identifying on a rating scale of 0 - 4 the value that you feel best describe the leaders's behaviour. Each value on the rating s 
has been labelled and defined as follows: 
Never Noticed- 0 
Seldom"' 1 
Sometimes= 2 
Often- 3 
Always-4 
COMPETENCE 
UNITS 
LEADERSHIP, 
~AsK tDfNTIFICATION 
' 
" 
+ 
LEADERSHIP, 
EAM INTERACTION 
EADERSHIP, 
> 
EAM DEVELOPMENT 
. 
TEAM COMPETENCE RATING 
0 1 2 I 3 I 4 I TOTAL 
The Leader: . 
Sets clear objective& for the team 1 . 1 
CIMfles team ooals 
.. . 
1 
c 
1 
En sores obfecU;;~s ar8 clearly understo.od by all team ~ambo~ . 2 I' 2 
Encou~aoe~ team members to work towardS team aoals 1 .. 1 
Identifies tile team's constraints: flnancU:.I. physical and IIma 0 .. 0 
Ensures tl'lat· the team ~nderStands the constraints 0 0 
Prioritlse desired resukts 0 0 
Establish a means of monltorlno orooress towards results 0 0 
Sets standards for assessing hoW resulls were achieved 0 0 
LEADERSHIP· TASK IDENTIFICATION TOTAL SCORE 5 
The Leader: 
.. 
Involves team members In al key decisions 0 0 
Encourages the full Oarticlaoatlon of aN team members 1 1 . 
Alklcates roles to team members 1 1 
Defines r~spons.bllliles assoCiated wHh each role 1' 1 
Assigns tasks' to each teanl" member I 1 ' 1 
Clearly defines the output of IndividUal task& . ··. ·. I 1 . 1 
Schedules tasks . ..· 1 ,, 1 
Monitors each member's task load 1 1 
. 
Invites Initiative 0 ·. 0 
Engagea the team In demoncratlc debates 0 0 
leadershlo Is oartlclpatlve 0 0 
LEADERSHIP· TEAM INTERACTION TOTAL SCORE 7 
The Leader: 
MonHors each merrbets ~ress In fetatk>n to his/her task toad 1 1 
Feedbacks lnlonnatlon on member's progress 1 1 
Identities each m'ambers needs 1 1 
looks for ~am~ oppOrtunities forth"& team · .· . . 0 0 
Clariitea ..;..hat tearri members eX'P&ct i'fom one another 0 . 0 
Enc~Uraaes t9am membO'fS to evaluate orooress toWrds'goals .. 1 ·1 
MonH0r1 team progress In relation to Its goals 1 1 
Perlodlcall reviews team.orooress . ·. 0 0 
Feedbacks Information on team's progress 0 0 
Reinforces acHvltles that achieve results . 0 0 
Intervene to lmorove progress where needed 0 . 0 
LEADERSHIP· TEAM DEVELOPMENT TOTAL SCORE 5 
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APPENDIXS-PUBLICATIONS 
1. Byer, N.A., and Weston, R.H., 2003, "Matching Teams to Business Processes," in "Enterprise Inter-
and Intra-Organisational Integration: Building International Consensus," International Conference 
Proceedings on Enterprise Integration and Modelling Technology (ICEIMT'02), April, 2002, Valencia 
Abstract: Progress has been towards developing 'reference models of human teams'. A classification is 
made based upon the purpose of teams by accounting for observed differences in 'structure' and 
'composition' properties of teams described in the human factors literature. A reusable understanding 
of these characteristic properties should (I) inform the 'initial design and formulation of enterprise 
teams', and thereby match the composition and structure of teams to specified business processing 
needs and (2) help focus 'continuing task development carried out by teams' through their useful 
lifetime. 
2. Weston, R.H., Byer, N.A., Ajaefobi, J.O., 2003, "Enterprise Modelling in Support of Team Systems 
Engineering," in "Concurrent Engineering: Enhanced Interoperable Systems," Proceedings of the 10 .. 
ISPE International Conference on Concurrent Engineering: Research and Applications, July, 2003, 
Mariera 
Abstract: The paper explains how the application of state-of-the-art enterprise modeling concepts can 
be enhanced by adding new modeling concepts that enable the creation of models of competencies, 
behaviours and performance of human systems (including teams). Two main threads of research in 
human systems modeling are described. One thread concerns (a) attributing models of human system 
requirements to role and job specifications that are encoded by multiple process models; and (b) using 
models of available human system competencies and organization structure to inform human systems 
engineering. The second research thread has characterized and modeled key aspects of human systems 
development processes as teams transform from a group of individuals into an efficient functioning 
unit. Both research threads are linked to the ongoing development of a Multiple Process Modeling 
environment. The introduction of human systems modeling concepts into MPM has broadened its 
application base 
3. Byer, N., Hermosillo, J,, Weston, R.H., Grabot, B., 2003, ''Using a Competence-based Methodology to 
Build and Evaluate the Performance of a Real Life Project Team," in the Proceedings of the 7th 
International Workshop on Teamwork (IWOT 7), October 2003, Prato (Awaiting Publication) 
Abstract: This paper presents the aspects of two research studies conducted on teambuilding and team 
performance within a Project Management environment. It applies concepts developed in these studies 
to build and predict the performance of a project team designed to accomplish specific project 
requirements within a Software Consulting Company. 
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Initially a team member selection method will be proposed to better identify potential human actors for 
teams by explicitly taking into account concepts like human roles and competences. It will also show 
how these concepts may help to better adapt the team needs and capabilities of the actors, with the final 
goal of increasing the efficiency and performance of the project results to be implemented. 
Secondly a 'team development' tool will be introduced. It will attempt to predict the performance of 
the project team (selected initially) by first identifying the actual values of team competence, member 
role competence and team operating processes and comparing these actual to absolute values at 
different instances in time. 
4. Byer, N.A., Weston, R.H., 2003, "On Measuring the Progress of Industry Teams," Proceedings of the 
Institute of Mechanical Engineers (IMechE), Part B, Journal of Engineering Manufacture, Accepted 
(November 2003) to be published. 
Abstract: The context is one of needing to resource business processes with suitable teams that should 
evolve their behaviours in harmony with other enterprise systems. In that context the engineering of 
team systems is considered with respect to tearnworking development and task realisation. Relevant 
theories derived from the literature on 'human systems' are described that were used as a basis for 
characterising developmental aspects of team systems. The paper describes two complementary means 
of identifying the progress required and/or made by specific teams and concludes with a generalised 
discussion about the combined use of human system and enterprise modelling theories and concepts 
and how they might be used in industry to measure team progress. 
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